NOVEL PHARMACEUTICAL AGENTS 
CONTAINING CARBOHYDRATE MOIETIES AND 
METHODS OF THEIR PREPARATION AND USE 



Field of the Invention 
The invention relates generally to compositions and methods for treating 
peripheral and central neurological dysfunctions including e.g. infectious diseases, 
epilepsy, impaired motor dysfunction, schizoprenia, cognition, depression, behavior 
and mood disorders. 

Background of the Invention 
It is estimated that mental disorders account for 10 percent of the global 
burden of disease with four disorders ranking among the 10 leading causes of 
disability worldwide: namely, unipolar major depression, bipolar disorder, 
schizophrenia and obsessive-compulsive disorder (National Institute of Mental 
Health, Report of the National Advisory Mental Health Council Behavioral Science 
Workgroup, March 2000). Unfortunately, the fundamental basis by which 
neurobiologic function translates into behaviors such as cognition, emotion, 
motivation, development, personality and social interaction are (at present) largely 
unknown. 

Delivery of drugs from the blood and into neural tissues (neuraxial delivery) 
is a key aspect complicating clinical rehabilitation and intervention techniques. The 
blood brain barrier effectively limits access of many classes of known and potentially 



-2- 



useful pharmaceutical agents. For instance, in Parkinson's disease it has long been 
understood that the disease results from a defect in dopamine biosynthesis, but it has 
proven exceptionally difficult to effect proper delivery of therapy across the blood 
brain barrier into affected nigrostriatal tissues. Catecholamines including dopamine, 
5 norepinephrine and epinephrine are produced by chromaffin cells in the adrenal 
medulla responding as a specialized ganglion to sympathetic enervation from 
preganglionic fibers of the splanchic nerve. However, catecholamines do not cross 
the blood-brain barrier, hence, the need for synthesis within the CNS. Although 
metabolic replacement therapy in Parkinson's might theoretically be effected with L- 

10 Dopa, the precursor of dopamine and a compound, which readily crosses the blood- 
brain barrier, the compound is highly unstable and rapidly inactivated in blood. 

L-dopa, Levodopa, Cardiodopa (an inhibitor of dopa decarboxylase), 
Deprenyl (inhibiting dopamine degrading monoamine oxidase), Sinemet (a controlled 
release form of Levodopa) and their combinations and derivatives suffer from many 

15 major disadvantages common also in certain other drugs which might be used in 
neuraxial therapies, e.g. poor aqueous solubility, poor brain penetrability, relatively 
short half-lives, dosing fluctuations and numerous side effects. Observed side effects 
accompanying chronic use in Parkinson's patients include motor fluctuation, 
dysfunctions, peak-dose dyskinesia, requirements for frequent dosing, involuntary 

20 movements, psychosis, confusion, visual hallucinations, bradykinesia, rigidity, 
tremors, gastrointestinal and gentiourinary dyantonomia, hypotension and cognitive 
decline (Hurtig, 1997). Often after 3-5 years of treatment patients reportedly develop 
complex dose-related unpredictable response fluctuations leading to a progressive 
decrease in therapeutic efficacy and also possible onset of serious side effects such as 

25 abnormal involuntary movements, end-of-dose deterioration and abrupt near 
instantaneous on-off changes in patient disability. "Adaptation" by neural tissues to 
chronic administration is complex, and may include down-regulation of dopamine 
receptor expression as well as metabolic changes in post-striatal neurons. In addition 
to these neurologic side effects, metabolism of oral dopa compounds to dopamine in 

30 the stomach and gastrointestinal tract (even in the presence of decarboxylase 
inhibitors) can often lead to unwanted side effects including severe nausea and 
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hypotension. Levodopa methyl and ethyl esters given orally suffer many of these 
same problems. Thus, all current therapies for treating Parkinsonism suffer from 
serious side effects, bioavailability problems, or both, and there has been a long-felt 
need for improved pharmaceutically active agents for metabolic replacement therapy 
5 in Parkinson's and related diseases (Hurtig, 1997). 

Metabolic replacement therapy using compounds that are endogenously 
converted to dopamine, e.g., Levodopa, results in stimulation of both Dl-like and 
D2-like dopaminergic families of receptors. While agonists are theoretically superior 
to Levodopa (i.e., because they should not be dependent on enzymatic conversion), in 
10 clinical use they have been shown to lack the therapeutic potency of Levodopa. 
Direct acting D2 agonists (e.g., bromocriptine, lisuride and pergolide) have also 
shown limited efficacy in monotherapy and are primarily used as add-on therapy to 
L-Dopa. 

Dopamine administered intravenously, while not crossing the blood brain 

15 barrier, binds Dl-like and D2-like dopamine receptors in the periphery and is 
reportedly useful in certain treatments for peripheral defects such as congestive heart 
failure and hypertension (e.g., Kuchel, 1999). However, it's utility is also limited by 
bioavailability problems. Thus, there has also been a long-standing need for 
improved dopaminergic catechol agonists with improved bioavailability and 

20 penetrability of myelinated nerves, i.e., for peripheral use in treatments of e.g. 
hypertension and congenital heart diseases. 

Success in development of a candidate neuropharmaceutical agent may often 
turn on issues of whether receptor binding activity can be retained while optimizing 
for intestinal transport, pharmacologic half-life in blood and blood brain barrier 

25 penetrability. For example, pharmacologic studies conducted over at least the past 20 
years, seem to suggest relatively stringent structural requirements for activation of Dl 
receptors, particularly in regard to any nitrogen atoms present in a compound (e.g., 
see Seller et al., 1991 ;Berger et al., 1989; Brewster et al., 1990; Kaiser et al., 1982; 
Dandridge et al., 1984; Brewster et al. 1990; Weinstock et al., 1985; Riggs et al. ; 

30 Seller et al., 1982; Shah et al., 1996; Knoerzer et al., 1994). In addition, the nature of 
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any terminal group (i.e., amino), or presence or length of an N-linked alkyl chain 
(lorio et, al., 1986) may reportedly influence binding interactions at Dl sites. Based 
on experience with different pharmacophores, several receptor models have been 
proposed (Seiler and Markstein, 1989; Petersson et. al., 1990; Brewster et. al., 1990; 
5 Knoerzer et. al., 1994; Snyder et. al., 1995; Minor et. al., 1994). Thus, relatively 
stringent chemistry may be imposed upon a potential drug candidate by just the 
requirement for receptor binding at a single class of receptor. 

Unfortunately, even within a class, receptors may be structurally (and 
functionally) heterogeneous. For example, molecular cloning studies have identified 
10 several different genes encoding dopamine receptors. Dl-like receptors, recognized 
pharmacologically by the SCH23390 specific agonist, activate adenylate cyclase 
Q resulting in increased intracellular cAMP. Two gene products have been identified 

DIA and DIB, (also identified pharmacologically as D5). D1B/D5 appears 
4= responsible for SCH23390 specific agonist activity. D2-like dopamine receptors, 

Ul 15 recognized pharmacologically by spiperone and sulpride specific agonists, appear to 

r: be encoded by three genes with multiple possible splice variants expressed in 

different brain regions, i.e., D2S, D2L, D3 and D4. D2-like receptors do not appear 
j;: adenylate cyclase-linked and may decrease intercellular cAMP levels. 

Emerging understanding of the activities of neurologic mediators within the 
y 20 brain suggest that underlying dysfunctions may have behavioral manifestations. For 

example, D2-like receptors have been identified as potential targets for development 
of an ti -psychotic agents and treatments for schizoprenia, based e.g., on antipsychotic 
effects of chlorpromazine but with resultant drug-induced Parkinson's symptoms and 
increased risk of tardive dyskinesia. Schizoprenia is (at present) believed to result 
25 from hyperactive dopaminergic transmission in the mesolimbic region of the brain. 
While antipsychotic drugs with fewer side-effects have been developed (e.g., 
haloperidol, fluphenazine, clozapine, olanzapine, risperidone), to date, no consensus 
antipsychotic dopaminergic antagonist pharmacologic or receptor profile has emerged 
and approaches under active consideration include: (i) combination approaches for 
30 blockade of D2-like and Dl-like receptors as well as 5-HT2 and ai adrenergic 
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receptors, and (ii) selective approaches for blocking D2 subtypes, e.g., D3 and/or D4 
or D2L/S and D4. 

Unlike systemic treatments, neuraxial delivery of pharmaceutical agents may 
be complicated by endogenous mechanisms for recycling, scavenging and 
5 transporting neural mediators. For example, the Na**^/Cr dependent dopamine 
transporter, DATl, granule system mediates calcium-dependent outward dopamine 
release into the synaptic cleft and inward energy-dependent dopamine vesicular re- 
uptake into the cytoplasm of presynaptic neurons. Loading of biosynthetic dopamine 
into granules is effected by the vesicular monoamine transporter (VMAT2; reviewed 
10 in Miller et al., 1999). DAT may also control movements of other monoamines in 
brain tissues. (Non-neuronal dopamine transporter uptake mechanisms may also 
p exist, e.g., in kidney see Sugamori et al., 1999). Cocaine, amphetamines, 

phenyclidine and certain anti-depressants and uptake inhibitors provide examples of 
4^ side-effects which may be encountered when dopamine transporter activity is 

Ul 15 interrupted (e.g., see Jones et al., 1999; Giros et al., 1992). DAT function may also 

be regulated by steroid hormones and transporter function has second order 
dependence on Na"^ (Earles et al., 1999) and may be coupled (or uncoupled) to natural 
4z modulatory second messenger systems and ion channels, e.g., down-regulation 

^ accompanying activation of protein kinase C by phorbol esters (Melikian et al., 1999; 

Q 20 reviewed in Figlewicz, 1999). 

Pharmacological studies of DAT antagonists have suggested that, like the Dl 
receptor (supra), DAT transporters may be sensitive to N- and aromatic-ring 
substitutions with N-phenyl-substituted analogues inhibiting transport (Choi et al., 
2000; Prakash et al., 1999; Husbands, et al., 1999). In addition, certain energetically 
25 unfavored boat conformations of rings may have relatively higher affinity for DAT 
(Prakash et al., 1999). Structural rearrangement of the DAT protein may be required 
for inward transport with loading being Na"^ first, then dopamine and then CI" (Chen 
et al., 2000). 

Tissue enzyme systems for altering and inactivating hydroxyl-substituted 
30 aromatic amines and amides include oxioreductases, methylases and glucuronic acid 
conjugating enzyme systems. Monoamine oxidases, (i.e., MAO-A in neural tissues 
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and MAO-B in other tissues including stomach and intestine), are oxioreductases that 
deaminate dopamine and other catecholamines with preferential activity manifest for 
2-phenylethylamine and benzylamine. Catechol-O-methyltransferase is a cytosolic 
enzyme that catalyzes addition of a methyl group, usually at the 3 position of a 
5 benzene ring. O-methoxylated derivatives may be further modified by conjugation 
v^ith glucuronic acid. Glucuronidation of catecholamine drug metabolites, i.e., 
involving hepatic glucuronosyltransferase and enzyme systems in kidney and 
intestine, have been reported in mammals and in the rat, dopamine glucuronides are 
reportedly present in cerebrospinal fluid (Wang et ah, 1983). Several drugs 
10 investigated for dopaminergic agonists and antagonist properties are apparently 
metabolized and/or excreted as glucuronides, e.g., SCH23390 ( a Schering prototype 
p Dl receptor antagonist; Bamett, et al., 1992), CGS 15873 (a Ciba-Geigy dopamine 

^ agonist; Leal et al., 1992), Carmoxirole (a Merck dopamine agonist; Meyer et al., 

4= 1992), Olanzapine ( a Lilly dopaminergic compound; Mattiuz et al. 1997) and CP- 

yi 15 93,393 (a Pfizer anxiolytic drug candidate; Prakash et al., 1998). Within this general 

rr class of cyclic Parkinson's drugs, it has been suggested that glucuronidation may be 

^ the mechanism targeting urinary and biliary excretion of phenolic drugs, e.g., see 

J: Mico et al., 1986 (indolone agonists); see Gerding et al., 1990 (N-0437, a tetralin 

agonist); see Wang et al., 1983 (catecholamines); see Green et al., 1996 
5f 20 (hydroxylated and carboxylated phenolic compounds); see Pocchiari et al., 1986 

(Ibopamine); and see Claustre et al., 1990 and Alexander et al., 1984 (dopamine). 
Shindo et al., 1973 reportedly studied absorption of L- and D-dopa in vitro in ligated 
rat intestinal loops and found active transport and metabolism to dopamine 
glucuronides. 

25 Certain cellular mechanisms for transporting glucose are known. For 

instance, intestinal intracellular transport vesicles containing Na+/glucose co- 
transporters (SGLTs) are known to drive active transport of glucose and galactose 
across the intestinal brush border by harnessing Na+ gradients across the membrane. 
Net rates of vesicle transport and exocytosis have been estimated to be in the range of 

30 10 thousand to 1 million per second (Wright et al., 1997). Pointing out the essential 
nature of this transport, missense mutations in SGLTl result in a potentially lethal 
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inability to transport glucose and galactose (Martin et aL, 1996). Specificity's and 
capabilities of transport are subjects of active current investigation (Mizuma et aL, 
1994). Antioxidant flavonol compounds are present in certain foods as glycosides 
and one recent study suggests that quercetin glucosides, a class of flavonols, may be 
5 transported across the rat small intestine via a glucose co-transporter pathway (Gee et 
al., 1998). Intestinal mechanisms for fructose and possible lactose absorption are 
currently less well understood. Unlike intestinal transport mechanisms, neural 
glucose transport at the blood brain barrier is reportedly mediated by endothelial cells 
and the sodium-independent facilitative transporter GLUTl (Kumagai et aL, 1999). 

10 At neuronal cells, glucose transport is reportedly mediated predominantly by GLUT3 
(Vannucci, S.J. et aL, 1998). Neural tissue is almost entirely dependent on glucose 
transport for normal metabolic activity because tissue stores of glucose are low 
(relative to demand). 

The blood brain barrier effectively limits neuraxial delivery of many 

15 pharmaceutically active compounds, including dopamine. Approaches disclosed for 
delivering drugs to the brain include the following: namely, (i) lipophilic addition and 
modification of hydrophilic drugs, (e.g., N-methylpyridinium-2-carbaldoxime 
chloride; 2-PA; U.S. Patent Serial Nos. 3,929,813 and 3,962,447; Bodor et al, 1976, 
1978 and 1981); (ii) linkage of prodrugs to biologically active compounds, (e.g., 

20 phenylethylamine coupled to nicotinic acid as modified to form N-methylnicotinic 
acid esters and amides, Bodor et aL, 1981 and 1983; PCT/US 83/00725; U.S. Patent 
Serial No. 4,540,564); (iii) derivatization of compounds to centrally acting amines 
(e.g., dihydropyridinium quaternary amine derivatives; PCT/US85/00236); (iv) 
caging compounds within glycosyl-, maltosyl-, diglucosyl- and dimaltosyl-derivatives 

25 of cyclodextrin (Bodor U.S. 5,017,566, issued May 21, 1991; Loftsson 
U.S. 5, 324,718, issued June 28, 1994 disclosing cyclodextrin complexes); and (v) 
enclosing compounds in cyclodextrin caged complexes (e.g., Yaksh et aL, U.S. Patent 
Serial No. US 5,180,716). However, these approaches suffer from various different 
disadvantages including poor pharmacokinetic half-life, poor neuraxial 

30 bioavailability, variable dosing and side effects. 
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Objects of the invention provide methods for neuraxial delivery of 
pharmaceutical agents as N-linked amine and amide glycoconjugates, including 
cyclic and heterocyclic prodrug compounds. 

Summary of the Invention 
5 Methods are disclosed for preparing and using hydrophilic prodrug N-linked 

glycosyl-amine and glycosyl -amide compounds, including cyclic and heterocyclic 
compounds having good aqueous solubility and pharmacokinetic half-life in blood, 
but which are also transportable by saccharide transporters in the gastrointestinal tract 
and in endothelial cells at the blood brain barrier. Compounds produced according to 
10 the methods of the invention find a variety of uses in therapeutic methods for treating 
symptoms of neurologic dysfunction e.g., in infection (e.g., antibiotics and anti-viral 
agents), depression (e.g., stimulants), anxiety (e.g., depressants and relaxants), stress, 
% neuromotor dysfunction, epilepsy (e.g., anti-con vulsants and muscle relaxants), 

r-] Parkinson's disease (e.g., dopamine precursors), vascular disease (e.g., hypo- and 

jl 15 hypertensive agents), cancer (e.g., anti-cancer agents), hormone therapies (e.g., 

steroids), gastro-intestinal and urinary diseases (e.g., emetics and diuretics), as well 
1^^ as, in anesthesia, sedation, hypnosis and analgesia (e.g., narcotic and non-narcotic). 

^, Detailed Description of the Preferred Embodiment 

□ While it may be common in the pharmaceutical sciences to develop chemical 

20 models to refine specificity and selectivity of compounds, it is less common to 
develop models that simultaneously support the needs of two or more receptor-ligand 
interactions, or of intracellular transport mechanisms as well as receptor-ligand 
interactions. Perenteral agonist and antagonist agents for treating neurological 
dysfunction are known to depend for their pharmaceutical activity upon a complex 
25 interplay between receptor binding affinity, lipophilicity and blood-brain barrier 
penetrability. Precursors for use in metabolic replacement therapies require delivery 
at an intracellular site in a neuron in a relatively intact form. Gastrointestinal drug 
delivery involves problems of transport, metabolism, methylation, glucuronidation 
and toxicity. Most surprisingly, methods have been discovered which simultaneously 
30 solve the multiple aspects of these most complex problems. 
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Objects of the invention provide novel therapeutic prodrug agents and 
methods for treating diseases localized within the central nervous system (CNS) and 
also within myelinated and non-myelinated regions of the peripheral nervous system. 
In other objects the invention provides methods for producing hydrophilic amine and 
5 amide prodrug pharmaceutical agents N-linked through the amide, or amine, to a 
carbohydrate moiety, i.e., glycosyl-amine or glycosyl-amide compounds, respectively. 
In other objects, the invention provides methods for improving the aqueous 
solubility, and thereby improved bioavailability, of poorly soluble pharmaceutical 
agents allowing their use in pharmaceutical compositions at lower concentrations 

10 with greater efficacy. In other objects, the invention provides new uses for poorly 
soluble pharmaceutical agents occassioned by improved aqueous solubility and 
thereby bioavailability. In other objects, the invention provides new pharmaceutical 
compositions comprising pharmaceutical agents which were previously too poorly 
soluble to allow their inclusion in hydrophilic formulations. In other objects, the 

15 invention provides formulations of the subject N-linked glycoconjugate prodrug 
compounds for use in treatments of neurological dysfunctions. In other objects, the 
invention provides cyclic and heterocyclic amide and amine prodrug compounds 
having good aqueous solubility and pharmacokinetic half-life in blood. In other 
objects, the invention provides novel therapeutic prodrug agents and methods for 

20 treating diseases localized within the central nervous system (CNS) and also within 
myelinated and non-myelinated regions of the peripheral nervous system. In yet other 
objects, the invention provides methods for treating subjects in need thereof with N- 
linked prodrug pharmaceutical agents which are actively transported by endogenous 
saccharide transporters across the intestinal lumen, then passively through the blood 

25 and then via endothelial cell facilitative transport at the blood brain barrier into 
neuraxial spaces. In other objects, the invention provides methods for production and 
use of timed-release, subcutaneous and intradermal, intranasal, buccal, trouch and 
suppository N-linked glycosyl pharmaceutical agents having high aqueous solubility. 
In other objects, the invention provides treatment methods for achieving steady-state 

30 plasma concentrations in subjects in need thereof using N-linked glycosyl prodrug 
compounds of high aqueous solubility. In other objects, the invention provides novel 
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therapeutic methods, not previously possible, occassioned by enhanced delivery and 
the hydrophilic properties imparted to poorly soluble pharmaceutical agents 
according to the methods of the invention. 

According to certain objects, the invention provides methods for producing 
5 and using novel dopamine N-linked glycosyl derivatives and novel methods for 
treating Parkinson's and related disorders. In other objects, the invention provides 
methods for producing and using multi-dose novel dopamine prodrug compounds 
having relatively high aqueous solubility, e.g., up to 500mg/ml. In certain other 
objects, the invention provides compositions, methods and uses for relatively high 
1 0 therapeutically effective unit doses of dopaminergic prodrug compounds in relatively 
small volumes. In still other objects, the invention provides therapeutic methods for 
1= =b delivery of dopaminergic amine and amide prodrug compounds lacking a reactive 

carboxylic acid, making co-administration of a decarboxylase or monoamine oxidase 
4- inhibitor unnecessary in a treatment of Parkinson's or a related disease. In other 

in 15 objects, the invention provides methods for promoting and upregulating intestinal and 

fi blood brain barrier transport of poorly aqueous soluble amine and amide containing 

pharmaceutical agents, i.e., possibly compensating for malabsorption, erratic 
gastrointestinal absorption, irregular gastric contractions, and the like in patients with 
^ Parkinson's and related diseases. In still other objects, the invention provides 

O 20 methods for upregulating dopamine-receptors function in a subject by using a dual 

function prodrug pharmaceutical agent containing a dopamine-functionality and a 
saccharide-transporter functionality. The instant methods find particular uses in 
advanced Parkinsonism where a limited number of functional nigrostriatal neurons 
may be available and possible glutamate-induced dyskinesia is evident (i.e., possibly 
25 mediated through N-methyl D-aspartyl receptor upregulation). In yet other objects, 
the invention provides methods for transcutaneous delivery of stable dopaminergic 
pharmaceutical compositions, i.e., not possible previously with many prior dopa 
compounds because of their chemical instability. In other objects, the invention 
provides therapeutic methods employing N-substituted compounds, which, 
30 unexpectedly, are transportable by dopamine transporters (DAT) in the brain. In 
other objects, the invention provides methods for using N-phenyl- derivatives that. 




unexpectedly, do not inhibit DAT. In other objects, the invention provides methods 
for using N-phenyl derivative DAT ligands that allow loading of Na"^ and CI", and 
allow normal structural conformational changes in the DAT protein which 
accompany inward transport and do not down-regulate transporter function, e.g., by 
5 activating a protein kinase. In other objects, the invention provides methods for 
using compounds that are not modified by monoamine oxidases, catechol-O- 
methyltransferase or glucuronidation mechanisms operative in the intestine and 
stomach. 

Although certain in vitro studies may have suggested that certain tyrosine- 
10 related compounds may stimulate glucose transport, and that certain sugars may 
increase dopamine receptor binding activity, Applicants do not believe it has been 
£j appreciated, until now, that a single chemical entity could effect these processes to 

promote its own transport and to promote its own receptor binding. For example, 
4- Fischer et al., 1995 reported that tryptamine, 5-OH-tryptamine and dopamine may 

m 15 elicit about a 3-5 fold increase in glucose transport with about 1.8- and L5-fold 

"f : increases in the amount of cell surface GLUTl and GLUT4 transporters, respectively. 

Whitfield et al., 1974 suggested that catecholamines, including dopamine, might 
stimulate carrier-mediated transport of 3-O-methylglucose and galactose in avian 
J" erythrocytes. Coffey et al., 1994 suggested that binding of a radiolabeled tropane to a 

C] 20 rat striatal membrane dopamine receptors might be increased in the presence of 

sucrose, fructose and mannose, but not dextrose or N-methyl-D-glucpsamine (Coffey, 
et al. 1994). However, these respective reports utilized separate dopaminergic and 
sugar chemical entities, not a single chemical entity, to achieve their measured 
results. 

25 For purposes of organizing the following disclosure, as well as, improved 

understanding of the scope and breadth of the subject prodrug compounds which may 
be used according to the instant therapeutic methods, as well as their constituent 
structures the subject compounds are generally described by the structure of 
FORMULA I: as set forth below. 



30 
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tl 



A-B-D-E 



tl 



Formula I 



wherein: each of constitutes a single bond; the "A"-moiety constitutes a 
CNS-active drug; the "B "-moiety constitutes a "bridging" alkyl moiety; the "D"- 
5 moiety constitutes a nitrogen "Hnker" (i.e., an amine or amide); and, the "E"-moiety 
constitutes a saccharide, as disclosed further below. While certain preferred instant 
compounds according to FORMULA I are set forth below as representative examples 
(below), before addressing the specifics, the meanings of general terms relating to 
FORMULA I are provided as follows: namely, 

10 "Prodrug", and "drug derivative" or "prodrug derivative" is used 

interchangeably in reference to the "A-moiety", FORMULA I (supra), and intended to 
mean a CNS acting drug (supra), as well as drugs useful for treating a neurologic 
dysfunction (supra). Representative examples of the subject CNS acting drugs are 
provided above, and other drugs useful for treating neurologic dysfunctions are 

15 disclosed below, i.e., in TABLE A and TABLE B. 

"Bridge", is used in reference to the B-moiety, of FORMULA I (supra), and 
intended to mean an optional group according to FORMULA n, below, (as depicted 
linked through single bonds to each of the A-moiety and the D-moiety, supra): 



preferably, Z is absent or a one carbon atom; and, R5 and Rs* (when present) and Re 




6 



Formula n 



wherein, 



Z is optional and when present comprises an optionally Rs-substituted lower 
alkyl; preferably, Z is absent or a lower alkyl comprising 1 or 2 carbon atoms; most 
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and R6' are groups selected from among hydrogen, hydroxyl, alkoxyl, carboxyl, 
alkoxylcarbonyl, aminocarbonyl, alkylamino-carbonyl or dialkylamino-carbonyl. 

"Linker", is used in reference to the D-moiety, FORMULA I (supra), is 
intended to mean an optionally Ry-substituted amide or amine linking the B-moiety 
with the E-moiety, i.e., through each of two single bonds, according to 
FORMULA m, below (depicted linking the B- and E-moieties of FORMULA I): 
namely, 




Formula III 

wherein, N comprises a nitrogen atom of a primary or secondary amine or an 
amide, preferably R7 is a hydrogen or methyl, most preferably, R7 is hydrogen. 

"Saccharide", when used in reference to constituents "E-moiety" of 
FORMULA I (supra), is intended to mean a substituted or unsubstituted mono-, di-, 
tri- or oligosaccharide residue having e.g., constituent sugars comprising 3 carbon 
atoms (triose), 4 carbons (tetraose), 5 carbons (pentose), 6 carbons (hexose), 7 
carbons (heptose), 8 carbons (octose) or 9 carbon atoms (nonose) such as may be 
present in interrelated straight chain, branched chain and cyclic forms, e.g., in a 
hexosyl straight chain, furanosyl 5-membered sugar ring, pyranosyl 6-membered 
sugar ring, and straight and branched oligosaccharide chains composed of 
monosaccharide sugar residues, as set forth further below. 

"CNS acting prodrug", when used in regard to the "A" moiety of 
FORMULA I is intended to mean a pharmaceutical agent exerting an effect on a 
sympathetic or a parasympathetic nervous system. Representative examples include 
CNS-amines such as 
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stimulants (e.g., phenethylamine, tyramine, MAO inhibitor cerebral stimulants and 
antidepressants, cerebral tricylic anti-depressants stimulants of the dibenzazepine 
type); neurotransmitters (e.g., dopamine); dopaminergic agents (e.g., Levodopa); 
precursors for use in a metabolic replacement therapy (e.g., L-Dopa); muscle 
5 relaxants; tranquilizers; anti-depressants (e.g., benzodiazepine and phenothiazine 
tranquilizers); mild and strong analgesics and narcotics; sedatives; hypnotics; 
narcotic antagonists; narcotic analgesics (e.g., methadone and meperidine); vascular 
agents (e.g., hypotensive p-blockers, anti-hypertensive agents, vasodilators); 
anesthetics; anti-epileptic and anti-convulsant drugs; hormones (e.g., steroid 

10 hormones, estrogens, progestins, hormones stimulating glucocorticoid production, 
sympathomimetic amines/cerebral stimulants and appetite suppressants); 
sympatholytic agents (e.g., as used in treatments of hypertension); centrally acting 
anti-cholinergic compounds; sympathetic stimulants (e.g., adrenergic agents); 
barbiturate antagonists; anti-infective agents (e.g., penicillins, tetracycline, 

15 cephalosporins); anticholinergic agents; tranquilizers; anticonvulsants; 
hypotensives/sympatholytics; ACE inhibitors; anti-epilepsy agents; neurotransmitters 
stimulating secretion of the pituitary hormones; hormones for inducing ovulation as 
well as for controlling fertility; antiviral agents (e.g., acyclovir), gonadotropin 
synthesis stimulants; diuretics; and emetics. 

20 "N-linked glycosyl prodrug", when used herein in regard to a pharmaceutical 

agent, is intended to mean an "A"-moiety CNS acting prodrug compound linked 
through an amine or amide nitrogen to a saccharide E-moiety, according to 
FORMULA I, supra. Representative N-linked glycosyl prodrug compounds are also 
disclosed (below) and illustrated (see the EXAMPLES section, below), e.g., 

25 stimulants, precursors for use in a metabolic replacement therapy, neurotransmitter, 
muscle relaxants, tranquilizers, anti-depressants, analgesics, narcotics, sedatives, 
hypnotics, narcotic antagonists, narcotic analgesics, vascular-acting agents, 
hypotensives, sympatholytics, hypertensives, P-blockers, ACE inhibitors, anesthetics, 
anti-epileptic and anti-convulsant drugs, hormones, anti-cholinergic compounds, anti- 

30 cancer agents, pituitary hormone stimulants, gonadotropin stimulants, antibiotics, 
anti-viral agents, emetics, diuretics and the like. 
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"Saccharide" is intended to mean a mono-, di-, tri- or oligosaccharide made 
up of n sugar subunits linked to each other by glycosidic bonds, which subunits, 
when n is greater than 1, may be the same or different in respect to the localization of 
axial and equatorial ring substituents, number of carbon atoms and ring carbon 
5 locations and orientations of hydroxyl groups. 

"Monosaccharide", when used in regard to the "E" moiety of FORMULA I, is 
used interchangeably with sugar to mean a sugar residue. Representative examples of 
sugar residues include the following: namely, polyhydroxy Ci aldehydes (e.g. aldoses 
and ketoaldoses); polyols resulting from e.g., reduction of the C\ aldehyde carbonyl 
10 to a hydroxyl (e.g., alditols and ketoses); polyhdyroxy acids resulting e.g., from 
oxidation of the Ci aldehyde and/or the chain terminal hydroxyl (e.g., aldonic, 
f^i ketoaldonic, aldaric and ketoaldaric); amino-sugars resulting from replacement of any 

Jtr; hydroxyl in the chain with an amino group (e.g., aldosamines and ketosamines); 

4^; aldehydo- acids resulting e.g. from oxidation of only the chain terminal hydroxyl in 

yi 15 an aldehydo-sugar (e.g., uronic acids and keto-uronic acids); and their various 

lactones, i.e., cyclic esters of hydroxy carboxylic acids containing one 1- 
^ oxacycloalkan-2-one structure. The subject sugars may be straight chains and/or 

J;: cyclic 3-, 4-, 5-, 6-, 7-, 8- and 9-membered sugar residues (e.g., hemiacetals and 

'O] acetals) optionally substituted and linked with the pharmaceutical agent as set forth 

C3 20 according to FORMULA I, supra. Representative triosyl residues include the aldoses 

D- and L-glyceraldehyde and derivatives thereof e.g., glyceraldehyde and glyceric 
acid phosphates; the keto-sugars D- and L-dihydroxyacetone and derivatives thereof. 
Representative tetraosyl residues include the aldoses D- and L-erythrose, threose, 
streptose and apiose; the keto-sugars D- and L-erythrulose; and derivatives thereof. 
25 Representative pentosyl residues include the D- and L-aldoses ribose, arabinose, 
xylose and lyxose; the D- and L-ketoses ribulose and xylulose; and, derivatives 
thereof. Representative hexosyl residues include aldosyl, furanosyl and pyranosyl 
sugars, e.g., cyclic and acyclic D- and L-aldoses such as allose, altrose, glucose, 
mannose, gulose, idose, galactose, talose, fructose, glucono-l,4-lactone, glucaro- 
30 l,4:6,3-dilactone, gluconofuranono-6,3-lactone; the ketoses ribo-hexulose, arabino- 
hexulolose, xylo-hexulose and lyxo-hexulose; and derivatives thereof. 



-16- 



Representative 7-membered residues (i.e., heptosyl residues) include e.g., 
sedoheptulose and derivatives thereof; and, representative 9-membered residues (i.e., 
nonosyl residues) include N-acetylneuraminic acid and derivatives thereof. Also 
representative are, 2-deoxy-ribose, 6-deoxyglucose and 2-deoxyglucose, 
5 xyloascorbyllactone, digitoxose (2-deoxyaltromethylose), fucose (6-deoxy-galactose), 
gluconolactone, galaconolactone, rhamnose (6-deoxy-mannose), fructose (2-keto- 
arabohexose), aldaric acids, alditols, aldonic acids, ketoaldonic acids, and amino 
sugars; with the proviso that the sugar is not a cyclodextrin. Representative alditols 
includes e.g., erythritol, threitol, ribitol, arabinitol, xylitol, lyxitol, glucitol, allositol, 

10 altrositol, mannositol, gulositol, idositol, galactositol, talositol and their derivatives. 
Representative aldonic acids include erythronic acid, threonic acid, ribonic acid, 
arabinonic acid, xylonic acid, lyxonic acid, gluconic acid, allonic acid, altronic acid, 
mannonic acid, gulonic acid, idonic acid, galactonic acid, tolonic acid and their 
derivatives. Representative ketoaldonic acids include erythro-tetraulosonic acid, 

15 threo-tetraulosonic acid, ribo-pentulosonic acid, arabino-pentulosonic acid, xylo- 
pentulosonic acid, lyzo-pentulosonic acid, gluco-hexulosonic acid, allo-hexulosonic 
acid, altro-hexulosonic acid, manno-hexulosonic acid, gulo-hexulosonic acid, ido- 
hexulosonic acid, galacto-hexulosonic acid, talo-hexulosonic acid and their 
derivatives. Representative aldaric acids include erythraric acid, threaric acid, ribaric 

20 acid, arabinaric acid, xylaric acid, lyxaric acid, allaric acid, altraric acid, glucaric 
acid, mannaric acid, gularic acid, idaric acid, galactaric acid, talaric acid and their 
derivatives. Representative of amino sugar include erhtyrosamine, threosamine, 
ribosamine, arabinosamine, xylosamine, lyxosamine, allosamine, altrosamine, 
glucosamine, N-acetylglucosamine, N-methlglucosamine mannosamine, gulosamine, 

25 idosamine, galactosamine, talosamine and their derivatives. Representative uronic 
acids include erythrosuronic acid, threosuronic acid, ribosuronic acid, arabinosuronic 
acid, xylosuronic acid, lyxosuronic acid, allosuronic acid, altrosuronic acid, 
glucuronic acid, mannosuronic acid, gulosuronic acid, idosuronic acid, galactosuronic 
acid, talosuronic acid and their derivatives. Representative keto-uronic acids include 

30 keto-erythrosuronic acid, keto-threosuronic acid, keto-ribosuronic acid, keto- 
arabinosuronic acid, keto-xylosuronic acid, keto-lyxosuronic acid, keto-allosuronic 
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acid, keto-altrosuronic acid, keto-glucuronic acid, keto-mannosuronic acid, keto- 
gulosuronic acid, keto-idosuronic acid, keto-galactosuronic acid, keto-talosuronic 
acid and their derivatives. Representative lactones include erythrolactone, 
threolactone, ribolactone, arabinolactone, xyloslactone, lyxoslactone, allolactone, 
5 altrolacone, glucolactone, mannolactone, gulolactone, idolactone, galactolactone, 
talolactone and their derivatives. 

Preferred sugar residues for use according to the instant methods comprises 
aldose or ketose pentosyl or hexosyl sugars selected from the group consisting of D- 
and L- enantiomers of ribose, glucose, galactose, mannose, arabinose, allose, altrose, 

10 gulose, idose, talose and their substituted derivatives. Most preferably, the subject 
sugar comprises an aldose pentosyl or hexosyl sugar selected from ribose, glucose, 
galactose, glucosamine, galactosamine, N-acetylglucosamine, N-acetylgalactosamine, 
N-acetyl ribosamine, xylose, mannose and arabinose. 

"Di-saccharide", when used in regard to the subject sugar residue, is intended 

15 to mean a polymeric assemblage of 2 sugar residues. Representative examples of 
disaccharides include homo-polymeric (e.g., maltose and cellobiose) and hetero- 
polymeric (e.g., lactose and sucrose) assemblages of sugars as set forth supra. 

"Tri-saccharide", when used in regard to the subject sugar residue, is intended 
to mean a polymeric assemblage of 3 sugar residues, e.g., as set forth supra. 

20 Preferably, the subject di- and tri-saccharide sugar moieties are metabolizable 

and/or acid hydrolyzable to mono- and di-saccharides transportable by saccharide 
transporters in mammals. 

"Oligosaccharide", when used in relation to the subject E-moiety residue of 
FORMULA I, is intended to mean a polymeric assemblage of about 4 to about 10 

25 glycosidically linked constituent homo-monosaccharide sugars (i.e., all the same 
constituent) or hetero-monosaccharide (i.e., different constituent) sugars. Each of the 
subject constituent sugars is linked one-to-another in a serial array through a series of 
glycosyl bonds formed between the Ci and C4 carbon atoms; or alternatively, 
between the Ci and C3 carbon atoms; or alternatively, between the Ci and Ce carbon 

30 atoms; with the proviso that when the sugar is according to FORMULA Via, VIb, 
Vic or VId and comprises glycosidic linkage at C1-C4, then Rg and Rn are hydrogen, 



-18- 



when linkage is at C1-C3, then Rg and Rio are hydrogen, and when linkage is at C\~C^, 
then Rg and R12 are hydrogen. The subject oligosaccharides may be homo-polymeric, 
i.e., all the same sugar constituent, or hetero-monosaccharide, i.e., different 
constituent sugars. Preferably, the subject oligosaccharide is selected from 
5 metabolizable and/or acid hydrolyzable oligosaccharides which following hydrolysis 
yield mono-, di- and tri-saccharides; and most preferably, the resultant constituent 
sugars are transportable by a saccharide transporter in a mammal. Representative 
oligosaccharides include lactose, maltose, isomaltose, sucrose, glycogen, cellobiose, 
fucosidolactose, lactulose, amylose, fructose, fructofuranose, scillabiose, panose, 

10 raffinose, amylopectin, hyaluronic acid, chondroitin sulfate, heparin, laminarin, 
lichenin and inulin. Preferably, the subject E-moiety, when present as an 
oligosaccharide, is selected from the group consisting of glucosyl and galactosyl 
homo- and heteropolymers. Most preferably, the subject E-moiety when present as 
an oligosaccharide, is selected from the group of metabolizable saccharides 

15 consisting of: (i) homopolymers such as an erythran, a threan, a riban, an arabinan, a 
xylan, a lyxan, an allan, an altran, a glucan (e.g. maltose, isomaltose, cellobiose), a 
mannan, a gulan, an idan, a galactan, a talan and their substituted derivatives; (ii) 
heteropolymers such as erythrosides, threosides, ribosides, arabinosides, xylosides, 
lyxosides, allosides, altrosides, glucosides (e.g., sucrose; (Glc-pi,4Frc), galactosides 

20 (e.g., lactose; Gal-P 1 ,4-Glc), mannosides, gulosides, idosides, talosides and their 
substituted derivatives. Other representative oligosaccharides include the following: 
namely, sucrose, glycogen, fucosidolactose, lactulose, lactobionic acid, amylose, 
fructose, fructofuranose, scillabiose, panose, raffinose, amylopectin, hyaluronic acid, 
chondroitin sulfate, heparin, laminarin, lichenin and inulin. Preferably, the subject 

25 sugar, when present as an oligosaccharide, is selected from the group consisting of 
glucosyl and galactosyl homo- and heteropolymers, e.g., glucans, galactans, 
glucosides and galactosides. The subject sugar is not a cyclodextrin or derivative 
thereof. The subject E-moiety is not a cyclodextrin or derivative thereof. 

"Aldose" is intended to mean a polyhydroxyaldehyde of the sugar of the 

30 general form H[CH(OH)]nC(=0)H, wherein n is an integer greater than one; 
preferably, the subject aldose is in equilibrium with furanosyl and pyranosyl forms. 
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"Ketose", also known as ketoaldose, is intended to mean a sugar containing 
both an aldehydic group and a ketonic carbonyl group; preferably, the subject ketose 
is in equilibrium with intramolecular hemiacetal forms. 

"Aldaric acid" is intended to mean a polyhydroxy dicarboxylic acid of a sugar 
5 having the general formula HOC(=0)[CH(OH)]nC(=0)OH, wherein n is greater than 
1 and such as may be derived from an aldose by oxidation of both terminal carbon 
atoms to carboxyl groups. 

"Alditol" is intended to mean an acyclic polyol having the general formula 
HOCH2[CH(OH)]nCH20H, wherein n is greater than one. 
10 "Aldonic acid" is intended to mean a polyhydroxy acid having the general 

formula H0CH2[CH(0H)]nC(=0)0H, wherein n is greater than one and such as may 
be derived from an aldose by oxidation of the aldehyde function. 

"Amino sugar" is intended to mean a sugar (defined supra) having one 
alcoholic OH group replaced by an amino group. 
15 "Glycosyl" is intended to mean a hexose sugar substituent group; preferably, a 

glucosyl or galactosyl substituent. 

"Glycosylamine", also known as N-glycosides, is intended to mean glycosyl 
group attached to an amino -NR2 group; preferably, an N-linked glucosyl or 
galactosyl substituent. 

20 "Furanose" is intended to mean a cyclic hemiacetal form of a sugar in which 

the ring is five membered. 

"Pyranose" is intended to mean a cyclic hemiacetal form of a hexose sugar in 
which the ring is six membered. 

As used herein the following additional terms are intended to have meaning as 
25 follows: namely, 

"Saccharide transporter" is intended to mean a cellular membrane protein 
capable of binding a saccharide and transporting that saccharide from one location to 
another on/in the cell. Representative examples of saccharide transporters include a 
glucose transporters (e.g., GLUT 1, 2, 3, 4 and 5), galactose transporters, a mannose 
30 transporters, fructose transporters, arabinose transporters and the like. Those skilled 
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in the art are cognizant of methods by which test compounds may be shown capable 
of binding to a saccharide transporter, i.e., and examples of which are provided 
below. 

"Pharmaceutical composition", is intended to mean a composition containing 
one or more N-linked glycosyl CNS-acting prodrug compounds according to 
FORMULA I and a formulary effective to provide a dosage form suitable for 
administration to man or domestic animals. Representative examples of formularies 
and dosage forms so suitable are provided below. 

"Formulary" is intended to mean an agent added to a pharmaceutical 
composition comprising said hydrophilic N-linked CNS acting prodrug compound. 
Representative examples of formulary agents include additives, stabilizers, carriers, 
binders, buffers, excipients, emollient water-in-oil and oil-in-water emulsions, 
disintegrants, lubricating agents, antimicrobial agents, preservative and the like; as 
disclosed further below. 

"Dosage form" is intended to mean a form of a pharmaceutical composition 
suitable for administration to a subject in need thereof. Representative dosage forms 
include solids and liquids, e.g., perenteral and injection solutions, powders and 
granules, emollient creams, syrups and elixirs, nasal and ophthalmic drops, 
intrabronchial inhalants, timed-release capsules, lozenges, troches, suppositories, 
dermal patches, impregnated bandages and the like. 

"Treatment" is intended to mean a method of delivering to a subject in need 
thereof a pharmaceutical preparation with the aim of ameliorating or preventing one 
or more indicia of a central or peripheral neurologic dysfunction in the subject. The 
subject methods include delivering the preparation to a patient i) before the 
dysfunction has been diagnosed, (e.g., prophylactic protocols delivered with the aim 
of preventing development of the dysfunction), as well as, ii) after the dysfunction 
has been diagnosed, (e.g., therapeutic protocols). That the subject treatments have 
fulfilled the intended aim will be evident to a skilled practitioner by a change 
(increase or decrease) or complete elimination of one or more clinical indicia of 
disease. 
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"Indicia of dysfunction" is intended to mean a sign or symptom of disease as 
may be evident to a trained professional, e.g., a clinician or specialist, in view of 
patient performance, results in a standardized testing procedure, questionnaire, or in 
view of a combination of laboratory test results and observations. 
5 "Neurologic dysfunction" is intended to mean a pathophysiologic or 

psychologic condition of a central or peripheral nervous system tissue, which 
condition is evidenced by a difference relative to a function of a nervous system 
activity in a normal healthy control subject. For example, the subject conditions 
include, but are not limited to, i) toxic dystrophy, (e.g., chemical or drug-induced 

10 secondary dystrophy in the nervous system), ii) vascular impairment e.g. resulting in 
damage to nervous tissues, iii) central nervous system degeneration or peripheral 
nerve degeneration, iv) nervous system lesions induced by physical trauma, v) 
nervous system complications of illnesses and infections (e.g., viral or bacterial); and 
vi) hereditary nervous system impairment. Representative illness, diseases, and 

15 conditions having neurologic dysfunction have been classified and codified 
("International Classification of Diseases, Washington DC, 1989). 

"Subject in need thereof is intended to mean a mammal, e.g., humans, 
domestic animals and livestock. Representative examples of subjects in need thereof 
include humans and domestic animals having a neurological dysfunction, e.g., a 

20 condition of hyper- or hypo-dopaminergic activity, such as may be evident in a 
patient with schizoprenia, Parkinson's disease, epilepsy, locomotor deficiency, 
hyperprolactinemia, Tourette's syndrome, Huntington's disease, psychosis, chronic 
psychiatric illness with amotivation, apathy, asociality, psychomotor adverse effects 
of drugs of abuse (e.g., cocaine, amphetamine, neuroleptics), subolivopontocerebellar 

25 atrophy (sOPCA), multiple system atrophy (MSA), bipolar disorder, chronic 
alcoholism, cocaine abuse, mood disorders, attention deficit disorder, physiologic 
stress, pesticide exposure (e.g., organochlorine insecticides), juvenile neuronal ceroid 
lipofuscinosis (JNCL), detached personality syndromes (as e.g. determined using the 
Karolinska Scales of Personality questionnaire) and the like. Representative 

30 examples of conditions exhibiting hyper-dopaminergic activity include 
schizophrenia, chronic psychiatric illness with hallucinations and delusions. Also 
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representative are, patients with coronary hypertension, angina, ischemic myocardium 
and the Hke. In addition, prophylactic methods are envisaged for lowering aortic and 
pulmonary artery pressure during and after coronary bypass surgery and liver, kidney 
and heart transplant surgery. Vasodilation mediated by the instant compounds is 
5 without impairment of oxygen delivery or impairment of intrinsic neural or hormonal 
control systems. 

"Metabolic replacement therapy" is intended to mean that the subject 
compound when administered to a subject in need thereof is capable of penetrating 
the blood brain barrier and partially or completely supplanting a medical need for a 

10 metabolic precursor in a subject in need thereof, e.g., a need for a catecholamine 
precursor in a patient with Parkinson's disease or a Parkinson's related disease. In 
certain embodiments, the compounds produced according to the instant methods, 
when administered according to the instant methods, effect transport into a neural cell 
and satisfy one or more metabolic requirements of catecholamine synthesis in that 

15 cell in a subject with a nigrostriatal dopamine insufficiency. Representative tests for 
determining that a test compound is so active are provided below, e.g., evidenced by 
increased tyrosine hydroxylase activity in a neural tissue. 

"Ligand" as used herein refers to a compound that is capable of filling the 
three-dimensional space in a receptor binding site so that electrostatic repulsive 

20 forces are minimized, electrostatic attractive forces are maximized, and hydrophobic 
and hydrogen bonding forces are maximized. 

"Parkinson's related disease", as used herein, is intended to mean a disease 
characterized by one or more symptoms which are also evidenced clinically in a 
patient with Parkinson's disease. Representative examples of symptoms evidenced in 

25 patients with Parkinsonism include seizure, loss of neuromotor control of muscle 
movements, ^ tardive dyskinesia, Alzheimer's disease, Wilson's disease, post- 
encephalitic syndromes. Parkinsonism secondary to trauma and stroke, dementia, Lou 
Gehrig's disease, psychomoter retardation, schizophreniform behavior, anxiety and 
depression. Clinical features of Parkinson's related diseases are disclosed in Hurtig, 

30 1997, incorporated herein by reference in its entirety. 
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"Intestinal cell" is intended to mean a columnar epithelial cell, e.g., a 
microvillus luminal cell, lining the small or large intestine, or lining the colon. 

"Endothelial cell" is intended to mean a cell lining a blood vessel, e.g., a 
capillary cell or a cell of an artery or a vein. 
5 "Neural cell" is intended to mean cells of the nervous system, including 

neurons, glial cells, Schwann cells and the like. 

"Transportable in an intact form" is intended to mean that the subject N- 
linked glycosyl prodrug compound is not an inhibitor of a saccharide transporter, and 
is not substantially chemically altered during transport, e.g., it is not methylated or 
10 metabolized to an inactive form or converted to a glucuronide during transport, such 
that when the instant compound is transported from one side of a cell to the another 
.^^^ side it remains substantially chemically and functionally unchanged, 

if "Neuraxial delivery" is intended to mean that administration of one or more of 

the instant pharmaceutical compositions, (comprising a CNS acting prodrug and a 
jj?; 15 saccharide moiety as set forth supra), at one or more sites outside the central nervous 

p system results in measurable levels of CNS acting prodrug within a neural tissue or a 

. neural tissue fluid. Representative neural tissues include myelinated and non- 

% myelinated nerves, brain and spinal cord. Representative neural tissue fluids include 

cerebrospinal fluid and tissue homogenates and expressates obtained from myelinated 
rj 20 and non-myelinated nerves. Representative methods for measuring levels of CNS 

acting prodrugs are known to those of skill in the art. 

"Substantially chemically unchanged" means that only conservative 
modifications of certain R group substituents of the A, B, D or E-moieties 
(FORMULA I, below) may occur during transport, e.g., removal of a halogen atom 
25 and replacement with a hydrogen, conversion of a hydroxyl to a methoxy and the 
like. 

"Brain penetration index", abbreviated BPI, is intended to mean the 
mathematical ratio calculated as the amount of one or more of the instant compounds 
in brain tissue per gram of brain tissue, divided by the amount of the compound (or 
30 compounds) in liver tissue per gram liver tissue. The liver being chosen as a 
reference organ because of its intimate contact with blood and relative lack of 
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barriers. Measurements of BPI may be made for instance at 5-60 minutes after 
administration of a test compound, e.g., by oral, subcutaneous or intravenous routes. 
The subject mathematical ratio is commonly expressed as a percentage, i.e., by 
multiplying the ratio by 100%. This procedure has the advantage that even for a 
5 sparingly soluble lipophilic drugs, (which tend to remain largely at an injection site 
with slow diffusion into the circulation), the amounts of drug in the liver will reflect 
the actual amount which is systemically available and not the initial dose injected. 
Certain of the preferred compounds according to the instant invention have BPIs in 
the range of about 2% to about 500%, most preferred compounds have a BPI of about 

10 10% to about 200%. 

"Microbial infection" is intended to mean infection of a mammalian host with 
a bacteria, virus, fungus, ricketssia, mycoplasma, prion agent, or parasite. 

Embodiments of the invention provide pharmaceutical compositions 
containing a hydrophilic N-linked prodrug compound and a formulary, preferably in a 

15 dosage form as set forth defined supra. The subject N-linked prodrug compounds 
contain a CNS acting prodrug linked through an amine or amide bond with a 
saccharide moiety, preferably a mono-, di- or tri-saccharide. The instant 
pharmaceutical compositions are suitable for treating neurological dysfunction in a 
subject in need thereof without resort to combination therapy, e.g., a treatment with 

20 the instant compound an a monoamine oxidase or decarboxylase inhibitor. Despite 
N-linkage between the subject prodrug compound and the saccharide moiety, the 
compounds and compositions according to the invention when administered in an 
oral dosage form are substantially intact across the gastrointestinal lumen and into 
blood transportable (i.e., by endogenous active transport mechanisms); transportable 

25 in blood to the blood brain barrier (i.e., unassociated or associated with erythrocyte 
saccharide transporters); and, transportable across the blood brain barrier into 
myelinated and unmyelinated neural tissues (i.e., by facilitative transporters in 
endothelial cells). In certain preferred embodiments, the CNS acting prodrug 
compound comprises of a dopaminergic compound which, even when N-linked with 

30 saccharide, is still capable of binding both a dopamine receptor and a dopamine 
transporter. 
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In other embodiments, the invention provides methods and processes for 
preparing a variety of hydrophihc N-Hnked glycosyl prodrug compounds for 
neuraxial delivery, each of which methods and processes contains a synthetic step, or 
series of steps, which result in the formation of an amine or an amide bond between a 
saccharide moiety and a CNS acting prodrug compound. 

In other embodiments, the invention provides processes for preparing 
pharmaceutical compositions comprising hydrophilic N-linked glycosyl prodrug 
compounds suitable for neuraxial delivery. The processes comprise the steps of first 
linking a CNS acting prodrug compound with a saccharide moiety through an amine 
or amide nitrogen atom. Representative conditions suitable for formation of amide or 
amine bonds between CNS acting prodrug compounds and saccharide moiety are 
illustrated in EXAMPLE 1, below. Next, formulary compounds (supra) are added to 
the resultant N-linked glycosyl prodrug to form the instant pharmaceutical 
composition. Representative formulary compounds, as disclosed supra, additives, 
stabilizers, carriers, binders, buffers, excipients, emollients, disintegrants, lubricating 
agents, antimicrobial agents, preservatives and the like. 

In other embodiments, the invention provides methods for treating a subject 
in need thereof by the step of administering one or more of the instant pharmaceutical 
compositions comprising an N-linked glycosyl prodrug compound to the subject. 
Preferably, the instant methods involve treatment regimens useful for ameliorating 
one or more indicia of disease in a subject having a neurological dysfunction, as set 
forth supra. According to the instant disclosure, pharmaceutical compositions 
administered according to the instant method provide N-linked glycosyl CNS acting 
prodrug compounds which when released from the instant pharmaceutical 
compositions are transportable across the gastrointestinal tract, transportable in 
blood, and transportable across the blood brain barrier in a substantially intact form. 
Preferably, in the latter neuraxial sites, e.g., within tissue fluids or neural cells, the 
instant N-linked glycosyl prodrug compounds are activatable by an amidase, e.g., a 
glucosaminidase, a galactosaminidase and the like. 

In yet other embodiments, the invention provides methods for improving the 
aqueous solubility and blood brain barrier penetrability of a prodrug compound by 
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covalently linking that compound through an amine or amide bond to a saccharide. 
In certain preferred embodiments, the subject prodrug compound comprises a CNS 
acting prodrug and the instant methods are effective to both increase aqueous 
solubility and improve blood brain penetrability. While it may be common in the art 
5 to add hydrocarbon chains, to prodrug compounds to increase lipid solubility, (i.e., 
often at the expense of decreased aqueous solubility), the instant methods provide an 
alternative, which simultaneously offers advantages of high aqueous solubility and 
good blood brain barrier penetrability. 

In certain presently preferred embodiments, the invention provides methods 

10 for administering a metabolic replacement therapy to a subject in need thereof. The 
instant method involves administering to the subject one or more of the instant 
pharmaceutical preparations consisting of an N-linked glycosyl prodrug compound, 
with the requirement that the compound, when so administered, is capable of acting 
as a metabolic precursor in a cellular biosynthetic process. Representative examples 

15 of N-linked glycosyl CNS acting prodrug compounds for neuraxial delivery and 
metabolic replacement therapy are provided in the EXAMPLES section below. 

In other embodiments, the invention provides methods for producing a variety 
of different prodrug compositions with improved bioavailability, CNS penetrability 
and adsorption enhancing activity. The methods involve the step (or steps) of linking 

20 a saccharide through an amide or amine bond with a prodrug compound. 

In certain presently preferred embodiments, the invention provides improved 
methods for treating Parkinson's disease and symptomatically related diseases. The 
instant methods employ N-linked glycosyl prodrug compounds (supra) having 
improved bioavailability and aqueous solubility and fewer side effects. 

25 In certain other preferred embodiments, the invention provides 

pharmaceutical compositions containing N-linked glycosyl dopaminergic prodrug 
compounds according to FORMULA I that are effective to produce a 
sympathomimetic response at a site of action at lower dosages than L-Dopa and in a 
more controlled manner. 

30 In yet other embodiments, the invention provides dopaminergic 

pharmaceutical compositions with improved aqueous solubility and transportability 
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by saccharide transporters and methods for their use in neuraxial delivery of 
metabolic replacement therapy across the intestine (e.g., in timed release dosage 
forms) and rectum (e.g., in suppositories). 

Unlike dopamine, presently preferred embodiments of the invention provide 
CNS-acting dopaminergic prodrug compositions that offer advantages of possible 
decreased tissue ulceration, irritation and toxicity when injected or applied locally 
(e.g., onto a skin or mucosal surface). 

The instant methods of the invention are particularly useful for improving the 
properties of a variety of sparingly water-soluble prodrugs that may have undesirable 
toxicological or pharmacokinetic profiles. Representative classes of pharmaceutical 
drug compounds that may contain sparingly water soluble, lipophilic and/or water- 
labile drugs which may prove suitable for use according to the instant methods are 
disclosed in TABLE A and TABLE B on the following pages. Representative 
pharmaceutical drug compounds contemplated for improvement according to the 
instant methods include those set forth in TABLE A, on the pages which follow, as 
well as derivatives thereof, with the presently preferred drug compounds disclosed in 
TABLE B, below (i.e., with chemical structures). 
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TABLE A 



Class of Agent: 


Representative Exatmples: 


Antineoplastic Agents 


chlorambucil, lomustine, melphalan, methotrexate, 
hexamethylmelamine, teniposide, etoposide, semustine (methyl CCNU), 
fazarabine (Ara-AC), mercaptopurine, tubulazole, carmofur, carmustine, 
amsacrine, bruceantin, diaziquone, dideminin B, echinomycin, PCNU, 
mitoxantrone, podophyllotoxin derivatives (etopside, teniposide), 
doxorubicin, daunamycin, cyclophosphamide, tamoxifen, chlorambucil, 
melphalan, nitrogen mustard-type, methotrexate, aminopterin platinum 
coordination complexes, cisplatin, dactinomycin, mitomycin C, 
thioguanine, vincristine, vinblastine, alkaloids; hydroxyurea, DON, urea 
derivatives, 5FU, Ara-AC, pentostatin (2*-deoxycoformycin), Ara-C 
(cytarabine), 3-deazaguanine, dihydro-5-azacytidine, tiazofurin, 
sangivamycin, Ara-A (vitarabine), 6-MMPR, PCNU, FENU, HENU, 
nitrosoureas, spiromustine, bisbenzimidazole, L-alanosine (6-diazo-5- 
oxo-L-norleucine), DON, L-ICRF, trimethyl TMM, 5- 
iiiC'Liiy iiC'iia.iiyiji LiiiuiiiL'iLiiiC' dL'iu, giyuAyiic, dcici suiiuiiy iiiyuicizune, 
DACH, SR-2555, SR-2508, desmethylmisonidazole, mitoxantrone, 
menogarol, aclacinomycin A, phyllanthoside, bactobolin, aphidocolin, 
homoharringtonine, levonantradol, acivicin, streptozotocin, 
hydroxyurea, chlorambucil, cyclophosphamide, uracil mustard, 
melphalan, 5-FU (5-fluorouracil), 5-FUDR (floxuridine), vincristine, 
vinblastine, cytosine arabinoside, 6-mercaptopurine, thioguanine, 5- 
azacytidine, methotrexate, adriamycin (doxorubicin), daunomycin 
(daunorubicin),largomycine polypeptide, aminopterin, dactinomycin, 
mitomycin C, podophyllotoxin derivatives, etoposide (VP- 16), teniposide 


Anti-inflammatory 
Agents (steroidal and 
non-steroidal) 


dexamethasone, hydrocortisone, prednisolone, piroxicam, flurbiprofen, 
betamethasone, fludrocortisone, cortisone, triamcinolone, 
prednisone, aspirin, ibuprofen, indomethacin, sulindac, 
desoxycorticosterone, flumethasone, fluprednisolone, meprednisone, 
methyl prednisolone, prednisolone, triamcinolone, cortodoxone, 
flurandrenolone acetonide (flurandrenolide), paramethasone 




TABLE A (CONTINUED) 



Class of Agent- 


Representative Exarnples: 


Estrogens 


17p-estradiol, 17P-ethynylestradiol, ethynylestradiol 3-methyl ether, 
estriol, estradiol, estrone, 17ot-ethynylestradiol (ethinylestradiol), 
mestranol, quinestrol 


Androgens 


1 7 -methyl testosterone, testosterone 


Progestins 


norethindrone, norethindrone, norgestrel, ethisterone, 
medroxyprogesterone acetate, progesterone, dimethisterone, 
norethindrone, norethynodrel, allylestrenol, cingestol, ethynerone, 
lynestrenol, norgesterone, norvinisterone, ethynodiol, oxogestone, 
tigestol 


Antihistaminic Agents 


benzimidazoles, astemizole, piperidines, levocabastine, 

TiinpfJiyi TiP^ fniinari^inf* r>YfltomiHp r*innjiri7inf* 


Anticonvulsants, 
DcLi uiiuraies 


phenytoin (diphenylhydantoin), ethotoin, phenobarbital, 
aminoglutethimide, carbamazepine, pentobarbital, phenobarbital, 
secobarbital 


V ilalllillo 


reunoi ^^viidmin r\), viiainin /\-aceiaie, cnoiecaiciieroi ana recinai, as 

wv'ii <xo wiiiV'i idi oUiuuiviP Viiaiiiiiio aUCii <Xo liic^ ij^, allU Iv Vllalllilla 


Pmptir'^ anr! Anti- 
emetics 




Gastrointestinal 
Ap'ents 


piperidine derivatives such as loperamide and cisapride 


Diuretics 


chlorthalidone, furosemide and spironolactone, sulfonamide-type 
diuretics, aldosterone antagonist- type diuretics 


Anticoagulants 


dicumarol 


^^aruio ionics 


digoxin and digitoxin 


Androgens 


17-methyltestosterone, testosterone 


Hypnotics and 
anesthetics 


alfaxalone, etomidate, lidocaine 


Antidepressants 


sulpiride, desipramine, nortriptyline, octriptyline, maprotiline, 
opipramol and protriptyline, clonidine, methyldopa 


Monoamine oxidase 
inhibitors 


tranylcypromine 
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TABLE A (CONTINUED) 



Class of Agent: 


Representative Examples : 


Antiviral Compounds 


vidarabine, virazole (also known as ribavirin), acyclovir, 
amantadine, diarylamidines, 5-amidino-2-(5-amidino-2- 
benzofuranyl)indole, 4',6-diimidazolino-2-phenylbenzo(b)thiophene, 2- 
aminooxazoles, 2-guanidino-4,5-di-n-propyloxazole, 2-guanidino-4,5- 
diphenyloxazole, benzimidazole analogues, 

6[[(hydroxyimino)phenyl]methyl]-l-[(l-methylethyl)sulfonyl]-lH- 
benzimidazol-2-amine; C-nucleosides, 5,7-dimethyl-2-p-D- 
ribofuranosyl-s-triazole(l,5-a)pyrimidine, (S)-9-(2,3- 
dihydroxypropyl)adenine, tiazofurin, selenazofurin, 3-deazauridine, 3- 
deazaguanosine, DHPG, 6-azauridine; idoxuridine, trifluridine 
(trifluorothymidine), BDVU (bisdihydroxyvinyluridine), zidovudine 
(AZT); dideoxycytidine; and 5,6-dichloro-l-|3-D- 
ribofuranosylbenzimidazole, Ara-AC, pentostatin, Ara-C, dihydro-5- 
azacytidine, tiazofurin, sangivamycin, Ara-A, 6-MMPR, 
desmethylmisonidazole, 5-FUDR, cytosine arabinoside, 5-azacytidine, 
ribavirin, acyclovir, (S)-9-(2,3-dihydroxypropyl)adenine, 6-azauridine, 
5,6^dichloro-l-P-D-ribofuranosylbenzimidazole, 5,7-dimethyl-2-P-D- 
ribofuranosyl-s-triazole(l,5-a)pyriniidine, zidovudine (AZT), 
dideoxycytidine, dideoxyadenosine, dideoxyinosine, DHPG 


Antimicrobial Agents 


ampicillin, penicillin G, ketoconazole, itraconazole, metronidazole, 
miconazole, co-trimoxazole, amoxicillin, oxacillin, carbenicillin, 
benzylpenicillin, phenoxymethylpenicillin, methicillin, nafcillin, 
ticarcillin, bacampicillin, epicillin, hetacillin, pivampacillin, the 
methoxymethyl ester of hetacillin, ampicillin, chlortetracycline, 
demeclocycline, minocycline, doxycycline, oxytetracycline, tetracycline, 
methacycline, clindamycin, lincomycin, nalidixic acid, oxolinic acid, 
phenazopyridine, dicloxacillin, cephalothin, cephalexin, cefazolin, 
cefoxitin, moxalactam, ceforanide, cefroxadine, cephapirin, imidazole- 
type antifungal agents, econazole, clotrimazole, oxiconazole, 
bifonazole, metronidazole (metronidazole benzoate), 
fenticonazole, miconazole, sulconazole, tioconazole, isoconazole, 
butoconazole, ketoconazole, doconazole, parconazole, orconazole, 
valconazole and lombazole, trizole-type antifungal agents, 
terconazole, itraconazole, co-trimoxazole, sulfadiazine, sulfonamide 


Antiprotozoal Agents 


imidazole-type antiprotozoals, metronidazole, omidazole, 
camidazole, ipronidazole, tinidazole, nimorazole, benzimidazole- 
type antifungals, flubendazole 


Antihelminthic Agents 


benzimidazole-type, thiabendazole, oxibendazole, cambendazole, 
fenbendazole, flubendazole, albendazole, oxfendazole 


Vasodilators 


nitroglycerin, flunarizine, lidoflazine, mioflazine, dipyridamole, 
nifedipine 
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TABLE A (CONTINUED) 



Class of Agent: 


Representative Examples: 


Anti-hypertensive 
Agents; Hypotensive 
Agents, P-Blockers 


prizidilol, hydralazine, tracazolate, bethanidine, guanethidine, captopril, 
propranolol, atenolol, nadolol, timolol, metoprolol, clonidine, 
methyldopa, bethanidine, debrisoquin, hydralazine, and guanethidine 
and its analogues 


H2 Antagonists 


imidazole-type, burimamide, metiamide, cimetidine, oxmetidine, 
famotidine 


Serotonin Antagonists 


piperidine-type, ketanserin, ritanserin, altanserin, piperazine-type, 
mianserin 


Carbonic anhydrase 
inhibitors 


acetazolamide, chlorzolamide, ethoxzolamine, methazolamide, L- 
671, 152, MK-927 


Hypoglycemic Agents 


acetohexamide 


Catecholamines and 
Dopaminergic Agents 


L-DOPA, Dopamine, progabide, GABA, norepinephrine, epinephrine; 
serotonin, histamine, tryptamine 


Adrenergic Agents 


norepinephrine, epinephrine 


Alzheimer's Agents 


THA 


Tranquilizers, Muscle 
relaxants 


benzodiazepines such as chlordiazepoxide, diazepam, medazepam, 
oxazepam and lorazepam; phenothiazines such as carphenazine, 
fluphenazine, acetophenazine, carphenazine, fluphenazine, 
perphenazine, piperacetazine; benzoctamine; chlordiazepoxide, 
clorazepate; nitrazepam, temazepam; haloperidol, clopenthixol, 
haloperidol, clopenthixol; hydroxyzine; flurazepam, bromazepam, 
demoxepam, lorazepam, flurazepam, bromazepam, chlorazepate, 
nitrazepam and temazepam; hydantoin-type 
tranquilizers/anticonvulsants, phenytoin, ethotoin, mephenytoin; 
phenothiazine-type tranquilizers, acetophenazine, carphenazine, 
fluphenazine, perphenazine and piperacetazine 


Benzodiazepine 
Antagonists 


ethyl-p-carboline-3-carboxylate 


Prostaglandins 


PGEi,PGE2, PGI2 


Anticonvulsants 


hydantoins such as phenytoin, ethotoin, valproic acid, 5-hydroxy-2-n- 
propylpentanoic acid, 4-hydroxy-2-n-propylpentanoic acid, 3-hydroxy-2- 
n-propylpentanoic acid, valpromide 
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TABLE A (CONTD^JUED) 



Class of Agent: 


Representative Examples: 


Narcotic Analgesics, 
Sedatives, Hypnotics 


etryptamine, a cerebral stimulant; codeine, oxycodone, pentazocine, 
anileridine, hydromorphone, morphine and oxymorphone, 
noracymethadol, piminodine, pholcodine, ethinyl estradiol and 
mestranol, estrogens; meptazinol, cyclazocine, phenazocine, profadol, 
metopon, drocode, myfadol, levorphanol, ibuprofen, naproxen, 
flurbiprofen, zomepirac, sulindac, indomethacin, fenbufen, fenoprofen, 
indoproxen, ketoprofen, fluprofen, bucloxic acid, tolmetin, alclofenac, 
fenclozic acid, ibufenac, flufenisal, pirprofen, flufenamic acid, 
mefenamic acid, clonixeni, clonixin, meclofenamic acid, numxm, 
diclofenac, carprofen, etodolac, fendosal, prodolic acid, sermetacin, 
indoxole, tetrydamine, diflunisal, naproxol, piroxicam, metazamide, 
flutiazin, tesicam. 


Narcotic antagonists 


1 1_ * 1 L 1^* ll_ 1_ * 1_ i l_ 1 

nalorphine, naloxone, buprenorphine, nalbuphine, butorphanol, 
levallorphan, naltrexone, nalmefene, alazocine, oxilorphan, nalmexone 


Sedatives 


tracazolate, amobarbital, glutethimide, butalbital 


Antiepileptic Agents 


GABA, y-vinyl GABA, .y-acetylenic GABA, apomorphine 


Stimulants 


amphetamine, dextroamphetamine, levamphetamine, aletamine, 
cypenamine, fencamfamin, fenozolone, zylofuramine, 
methamphetamine, phenmetrazine, phentermine, amiphenazole, 
methylphenidate. 


Anticholinergic 
Agents 


biperiden, cycrimine, procyclidine, trihexyphenidyl 


Antidepressants 


sulpiride, tricyclic antidepressants, E- and Z-isomers of 10- 
hydroxynortriptyline, 2-hydroxyimipramine, 2-hydroxydesipramine, 8- 
hydroxychloripramine; hydroxylated metabolites of phenothiazine 
tranquilizers, 7-hydroxychlorpromazine, desmethyl metabolites of N- 
methyl benzodiazepine tranquilizers, desmethyldiazepam. 


Antipsychotic Agents 


piperidine-type, fluspirilene, pimozide, penfluridole 


Medullary Stimulants 


ethamivan 


Barbiturate 


bemegride 


Sympatomimetic 
amines and 
decongestants 


ephedrine, pseudoephedrine, oxymetazoline, phenylephrine 


Cerebral Stimulants 


methyprylon, a mild hypnotic; amedalin, bupropion, cartazolate, 
daledalin, difluanine, fluoxetine, nisoxetine 


Anaesthetics 


thiopental, lidocaine 


Cardiatonics 


digoxin, digitoxin 


Eichosenoids 


prostaglandins, PGEs, PGEi (alprostadil), PGI2 (prostacyclin or 
epoprostenol) 


Hormones 


ACTH (corticotropin), LHRH, LH, FSH, HCG, HCS, pituitary and 
nonpituitary gonadotropins, benzestrol, diethylstilbestrol, somatostatin, 
neurotensin 




TABLE A (CONTINUED) 



Class of Agent: 


Representative Examples: 


Enkephalins 


Met^-enkephalin, Leu^-enkephalin 


Anti-Fertility Agents 


N,N'-bis(dichloracetyl)-l,8-octamethylenediamine (fertilysin) 


Endorphins 


y-, a-- and P-endorphins, oxytocin M, vasopressin 


Anabolic agents 


fluoxymesterone, methanstenolone 



Presently preferred pharmaceutical drug compounds according to the methods 
5 of the invention are drugs for treating neurologic dysfunction and CNS acting drugs, 
e.g. dopaminergic agent, androgenic agents, anticonvulsants, anxiolytic agents, 
antibiotics (i.e., antimicrobial agents), antidepressants, antiviral agents, anticancer or 
antitumor agents, anti-inflammatory agent, estrogens, progestins. Most preferably, 
drug compounds for use according to the invention include dopamine, testosterone, 

10 phenytoin, GABA, valproic acid, tyrosine, methicillin, oxacillin, benzylpenicilin, 
cloxacillin, dicloxacillin, desipramine, acyclovir, trifluorothymidine, zidovudine, 
hydroxy-CCNU, chlorambucil, tryptamine, dexamethasone, hydrocortisone, ethinyl 
estradiol, norethindrone, estradiol, ethisterone, norgestrel, estrone, estradiol 3-methyl 
ether, estradiol benzoate, norethynodrel, mestranol, indomethacin, naproxen, FENU, 

15 HENU and 5-FU. Examples of preferred pharmaceutical drug compounds for 
treating neurologic dysfunction are disclosed in TABLE B, below. 
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TABLE B 



CNS-ACTING AGEIVfTS: 
Dopamine 



HO 



PABA 



Hocx;- 



Alsm-VIRALAGErvfTS: 
Acyclovir 




OH gOCH gCH 2OH 



Penciclovir 




,0H 
•CH,OH 



ANTI-MICROBIAL AGENTS: 
Trimethoprim 



NH 2V^..'''^ 




Penicillins: 






e.g. 






Amoxicillin 



Ceplialosporins: 
e.g. Cefepime 



OH, 





WHERE R= 



Ho-/~y-c{H,. 

NH, 



Anti-Fungal Compounds: 
e.g. Flucytosine 



Anti-tuberculosis Agents: 
e.g. Ethionamide 



Cycloserine 



Anti-Parasitic Agents: 
e.g. Trimetrexete 



Pentamidine 



Melarsoprol 







OMe 





















Amino- 
salicylic 
acid 



^OSNH, 



C^H, 





CH ,0H 



CHEMOTHERAPEUTIC AGbN I S: 

e.g. 

Methotrexate 



Cisplatin 



Cycloguanil 



Pyrimethamine 



NH 






-NH2 


' CH3 




CHjCHg^ 






-NH^ 


nh/ 





NH, 




XOH 




/ 

H 


^''^COOH 


^ ch/ 





Purines: 
e.g. 

Thioguanine 




/«3 



Carboplatin 
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TABLE B (continued) 



HORMONE-UKE AGENTS: 
e.g. 

Thyroxine 




Pamidronate 



GASTROIfsfTESTINAL-ACTIVE AGENTS: 



Metcx^lopramide 


0 <i^s 


Am"l-ARRHYrHMIC AGEm"S: 


e.g. 

Prcx^aineamide 


NH ^^^^^^ ^ ^ 7^ 3 



Mexlletine 




ANrri-HYPERTENSIVE AGENTS: 
e.g. 
IVIinoxidil 




IVIetyrosine 



IVIethyldopa 




DIURETIC AGENTS: 

e.g. 

Triametene 




AUTCXX»ID AGENTS 

e.g. 

2-methyl 
histamine 



2-pyriclyl 
histamine 



LOCAL ANESTHETICS: 

e.g. 

Benzocaine 



Procaine 




SYMPATHOMIMETICS: 

e.g. 

Phenethylamine 



In certain presently preferred embodiments, the N-linked glycosyl prodrug of 
FORMULA I, further comprises a prodrug compound according to FORMULA IV, 
below: 
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namely. 





Formula IV 

wherein, 

5 Ring i comprises am optionally substituted cyclic or heterocyclic ring, or an 

optionally substituted aromatic ring, composed of about 4 to about 8 carbon atoms, 
among which are counted "X" and "Y"; preferably. Ring i comprises an optionally 
substituted aryl or heteroaryl ring; and most preferably, a substituted aryl ring; 
wherein, Ri, R2, R3 and R4 comprise the subject optional ring substituents; 
10 each of X and Y are optional and when present comprise a carbon atom, a 

halogen atom or a lower alkyl, preferably, a carbon atom or a lower alkyl chain 
having 2 carbon atoms, most preferably a single carbon atom; 
Ro comprises hydrogen; 

Ri, R3 or R4 comprise a group selected from among hydrogen, hydroxy], 
15 halogen, halo-lower alkyl, alkoxy, alkoxy-lower alkyl, halo-alkoxy, thioamido, 
amidosulfonyl, alkoxycarbonyl, carboxamide, amino-carbonyl, and alkylamine- 
carbonyl; 

R2 comprises hydroxyl; and, preferably, both R2 and R3 comprise hydroxyl 
and Ri and R4 comprise hydrogen; 
20 Z is optional and when present comprises a lower alkyl optionally substituted 

with R5 and Rs-; preferably, Z is absent or a lower alkyl comprising 1 or 2 carbon 
atoms; most preferably, Z is absent or a one carbon atom; and, R5 and Rs- (when 
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present) and Re and Re' (when present) are groups selected from among hydrogen, 
hydroxy!, alkoxyl, carboxyl, alkoxylcarbonyl, aminocarbonyl, alkylamino-carbonyl 
and dialkylamino-carbonyl; 

N comprises a nitrogen atom of a primary or secondary amine or an amide, 
5 preferably R7 is a hydrogen or methyl, most preferably, R7 is hydrogen; and, 

E comprises a saccharide moiety. 

The constituents of Formula IV are as set forth (in detail) in Applicant's copending 

U.S. Patent Application serial No. , incorporated herein by reference 

in its entirety. 

10 Representative examples of E-moiety saccharide residues include the 

following: namely, polyhydroxy Ci aldehydes (e.g. aldoses and ketoaldoses); polyols 
resulting from e.g., reduction of the Ci aldehyde carbonyl to a hydroxyl (e.g., alditols 
and ketoses); polyhdyroxy acids resulting e.g., from oxidation of the Ci aldehyde 
and/or the chain terminal hydroxyl (e.g., aldonic, ketoaldonic, aldaric and 

15 ketoaldaric); amino-sugars resulting from replacement of any hydroxyl in the chain 
with an amino (e.g., aldosamines and ketosamines); aldehydo- acids resulting e.g. 
from oxidation of only the chain terminal hydroxyl in an aldehydo-sugar (e.g., uronic 
acids and keto-uronic acids); and their various lactones, i.e., cyclic esters of hydroxy 
carboxylic acids containing one l-oxacycloalkan-2-one structure. The subject sugars 

20 may be straight chains and/or cyclic .3-, 4-, 5-, 6-, 7-, 8- and 9-membered sugar 
residues (e.g., hemiacetals and acetals) optionally substituted and linked with the D- 
moiety as set forth, supra. Representative triosyl residues include the aldoses D- and 
L-glyceraldehyde and derivatives thereof e.g., glyceraldehyde and glyceric acid 
phosphates; the keto-sugars D- and L-dihydroxyacetone and derivatives thereof. 

25 Representative tetraosyl residues include the aldoses D- and L-erythrose, threose, 
streptose and apiose; the keto-sugars D- and L-erythrulose; and derivatives thereof. 
Representative pentosyl residues include the D- and L-aldoses ribose, arabinose, 
xylose and lyxose; the D- and L-ketoses ribulose and xylulose; and, derivatives 
thereof. Representative hexosyl residues include aldosyl, furanosyl and pyranosyl 

30 sugars, e.g., cyclic and acyclic D- and L-aldoses such as allose, altrose, glucose, 
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mannose, gulose, idose, galactose, talose, fructose, glucono-l,4-lactone, glucaro- 
l,4:6,3-dilactone, gluconofuranono-6,3-lactone; the ketoses ribo-hexulose, arabino- 
hexulolose, xylo-hexulose and lyxo-hexulose; and derivatives thereof. 
Representative 7-membered residues (i.e., heptosyl residues) include e.g., 
5 sedoheptulose and derivatives thereof; and, representative 9-membered residues (i.e., 
nonosyl residues) include N-acetylneuraminic acid and derivatives thereof. Also 
representative are, 2-deoxy-ribose, 6-deoxyglucose and 2-deoxyglucose, 
xyloascorbyllactone, digitoxose (2-deoxyaltromethylose), fucose (6-deoxy-galactose), 
gluconolactone, galaconolactone, rhamnose (6-deoxy-mannose), fructose (2-keto- 

10 arabohexose), aldaric acids, alditols, aldonic acids, ketoaldonic acids, and amino 
sugars; with the proviso that the E-moiety is not a cyclodextrin. Representative 
alditols include e.g., erythritol, threitol, ribitol, arabinitol, xylitol, lyxitol, glucitol, 
allositol, altrositol, mannositol, gulositol, idositol, galactositol, talositol and their 
derivatives. Representative aldonic acids include erythronic acid, threonic acid, 

15 ribonic acid, arabinonic acid, xylonic acid, lyxonic acid, gluconic acid, allonic acid, 
altronic acid, mannonic acid, gulonic acid, idonic acid, galactonic acid, tolonic acid 
and their derivatives. Representative ketoaldonic acids include erythro-tetraulosonic 
acid, threo-tetraulosonic acid, ribo-pentulosonic acid, arabino-pentulosonic acid, 
xylo-pentulosonic acid, lyxo-pentulosonic acid, gluco-hexulosonic acid, allo- 

20 hexulosonic acid, altro-hexulosonic acid, manno-hexulosonic acid, gulo-hexulosonic 
acid, ido-hexulosonic acid, galacto-hexulosonic acid, talo-hexulosonic acid and their 
derivatives. Representative aldaric acids include erythraric acid, threaric acid, ribaric 
acid, arabinaric acid, xylaric acid, lyxaric acid, allaric acid, altraric acid, glucaric 
acid, mannaric acid, gularic acid, idaric acid, galactaric acid, talaric acid and their 

25 derivatives. Representative of amino sugar include erhtyrosamine, threosamine, 
ribosamine, arabinosamine, xylosamine, lyxosamine, allosamine, altrosamine, 
glucosamine, N-acetylglucosamine, N-methlglucosamine mannosamine, gulosamine, 
idosamine, galactosamine, talosamine and their derivatives. Representative uronic 
acids include erythrosuronic acid, threosuronic acid, ribosuronic acid, arabinosuronic 

30 acid, xylosuronic acid, lyxosuronic acid, allosuronic acid, altrosuronic acid, 
glucuronic acid, mannosuronic acid, gulosuronic acid, idosuronic acid, galactosuronic 
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acid, talosuronic acid and their derivatives. Representative keto-uronic acids include 
keto-erythrosuronic acid, keto-threosuronic acid, keto-ribosuronic acid, keto- 
arabinosuronic acid, keto-xylosuronic acid, keto-lyxosuronic acid, keto-allosuronic 
acid, keto-altrosuronic acid, keto-glucuronic acid, keto-mannosuronic acid, keto- 
5 gulosuronic acid, keto-idosuronic acid, keto-galactosuronic acid, keto-talosuronic 
acid and their derivatives. Representative lactones include erythrolactone, 
threolactone, ribolactone, arabinolactone, xyloslactone, lyxoslactone, allolactone, 
altrolacone, glucolactone, mannolactone, gulolactone, idolactone, galactolactone, 
talolactone and their derivatives. 

10 Preferably, the subject E-moiety comprises an aldose or ketose pentose or 

hexose sugar selected from the group consisting of D- and L- enantiomers of ribose, 
glucose, galactose, mannose, arabinose, allose, altrose, gulose, idose, talose and their 
substituted derivatives. Most preferably, the subject E-moiety comprises an aldose 
pentosyl or hexosyl sugar selected from ribose, glucose, galactose, glucosamine, 

15 galactosamine, N-acetylglucosamine, N-acetylgalactosamine, N-acetyl ribosamine, 
xylose, mannose and arabinose. 

"Halogen" is intended to mean a fluorine, chlorine, bromine, or sulfur atom or 
ion or group. Preferred halo groups are chlorine, bromine, thiol and sulfonyl and 
most preferred, chlorine. 

20 "Lower alkyl" is intended to mean a hydrocarbon chain containing fewer than 

six carbon atoms, preferably fewer than four and most preferably two or 3 carbon 
atoms. Representative lower alkyl groups include methyl, ethyl, n-propyl, i-propyl, 
n-butyl, t-butyl and i-butyl. Presently preferred alkyls are methyl, ethyl or i-propyl, 
and most preferably, ethyl, 

25 "Substituted lower alkyl" is intended to mean a lower alkyl in which one or 

more of the hydrogen atoms are replaced by a substituent group. Representative 
substituent groups include hydroxy, alkoxy, halogen, amino, amido, carboxyl, thiol, 
sulfonyl, methoxy and the like. 

"Halo-lower alkyl" is intended to mean a lower alkyl in which one or more of 

30 the hydrogen atoms on the hydrocarbon chain has been replaced by a halogen atom. 
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"Cycloalkyl" is intended to mean a closed saturated monocyclic hydrocarbon 
ring made up of about 4 to about 9 carbon atoms, preferably about 5 to about 7 
carbon atoms and most preferably 6 carbon atoms. Representative examples of 
cycloalkyl compounds include phenyl, piperidyl, piperazinyl, diazinyl, morpholinyl, 
isooxazoanyl and the like. 

"Heterocyclic" is intended to mean a close saturated monocyclic ring made up 
of about 4 to about 8 carbon atoms and about 1 to about 2 non-carbon atoms; 
preferably, about 5 to about 6 carbon atoms and 1 non-carbon halogen or oxygen 
atom; and, most preferably 5 carbon atoms and 1 non-carbon halogen or oxygen 
atom. 

"Aromatic", and "aryl", are used interchangeably to mean a closed unsaturated 
monocyclic hydrocarbon ring system made up of about 3 to about 9 carbon atoms 
having a delocalized n-electron system. Preferably, the subject aryl ring is made up 
of about 5 to about 7 carbon atoms and most preferably, 6 carbon atoms. 
Representative aromatic rings include benzyl, pyranyl, pyridyl, pyrimidinyl, 
thiadiazinyl and pyridazinyl, with benzyl preferred. 

"Amine" is intended to mean an — NHR substituent group. 

"Amide" is intended to mean an ~C(0)N-(R')R" or -HNC(O) substituent 
group, where R' and R" are hydrogen or a substituent such as hydroxy, lower alkyl, 
amino, or the like. Preferred amino groups are those wherein R' or R" is hydrogen. 

"Alkoxy" is intended to mean an —OR substituent group. 

"Halo-lower alkyl" is intended to mean a halogen substituted lower alkyl; 
preferably, a halogen substituted lower alkyl having 2 to 6 carbon atoms; most, 
preferably, a chlorine or fluorine substituted lower alkyl having 2 to 4 carbon atoms. 

"Alkoxy-lower alkyl" is intended to mean an alkoxy compound, supra, 
wherein R comprises a lower alkyl; preferably a 2 to 6 carbon lower alkyl; and most 
preferably, a 2 to 4 carbon lower alkyl. 

"Thioalkoxy" is intended to mean an — SOR substituent group. 

"Aminocarbonyl" is intended to mean a -C(0)NH2 substituent group. 

"Alkylaminoc£irbonyl" is intended to mean a -C(0)NHR substituent group 
wherein R is a lower alkyl. 
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"Alkoxycarbonyl" is intended to mean a -C(0)OR substituent group. 

"Carboxamide" is intended to mean a — NR*COR substituent group. 

"Dialkylaminocarbonyl" is intended to mean a -C(0)NR'R substituent group, 
wherein R' and R constitute lower alkyl groups. 
5 "Haloalkoxy" is intended to mean a -OR substituent group where R is a 

haloalkyl. 

"Oxyamido" is intended to mean a -OC(0)NH- or -HNC(0)0-substituent. 
"Thioamido" is intended to mean a -SC(0)NH- or -HNC(S)- substituent, 
"Amidosulfonyl" is intended to mean a -NHSO2- substituent. 

10 In other embodiments, the invention provides methods of using 

pharmaceutical compositions containing one or more compounds according to 
FORMULA I, supra, in combination with optional stabilizers, carriers, binders, 
buffers, excipients, emollients, disintegrants, lubricating agents, antimicrobial agents 
and the like. For oral administration, the instant methods may employ 

15 pharmaceutical compositions that are liquid, solid or encapsulated. For perenteral 
administration, the instant methods may employ pharmaceutical compositions that 
are sterile liquids or solids, e.g., as provided in a powdered or granulated form 
suitable for reconstitution. 

The instant methods may employ compounds to be administered alone or in 

20 combination with pharmaceutically acceptable carriers, e.g. in either single or 
multiple doses. Suitable pharmaceutical carriers may include inert solid diluents or 
fillers, sterile aqueous solutions, and various nontoxic organic solvents. The 
pharmaceutical compositions formed by combining a compound according to 
FORMULA I with a pharmaceutically acceptable carrier may be administered 

25 according to the instant methods in a variety of dosage forms such as tablets, 
lozenges, syrups, injectable solutions, and the like. The subject pharmaceutical 
carriers can, if desired, contain additional ingredients such as flavorings, binders, 
excipients, and the like. Thus, for purposes of the instant oral administration, tablets 
containing various excipients such as sodium citrate, calcium carbonate, and calcium 

30 phosphate may be employed along with various disintegrants such as starch, and 
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preferably potato or tapioca starch, alginic acid, and certain complex silicates, 
together with binding agents such as polyvinylpyrolidone, sucrose, gelatin, and 
acacia. Additionally, lubricating agents, such as magnesium stearate, sodium lauryl 
sulfate, and talc may be useful for tableting purposes. Solid compositions of a similar 
type may also be employed as fillers in salt and hard-filled gelatin capsules. 
Preferred materials for this purpose include lactose or milk sugar and high molecular 
weight polyethylene glycols. When aqueous suspensions of elixirs are desired for 
oral administration according to the instant methods, the compound therein may be 
combined with various sweetening or flavoring agents, colored matter or dyes, and if 
desired, emulsifying or suspending agents, together with diluents such as water, 
ethanol, propylene glycol, glycerin, and combinations thereof. For parenteral 
administration according to the instant methods, solutions may be prepared in sesame 
or peanut oil or in aqueous polypropylene glycol, as well as sterile aqueous saline 
solutions of a corresponding water-soluble pharmaceutically acceptable metal salt, 
e.g. as disclosed supra. The subject aqueous solution is preferably suitably buffered 
if necessary and the liquid diluent first rendered isotonic with sufficient saline or 
glucose. Such aqueous solutions of compounds according to FORMULA I may be 
particularly suitable for intravenous, intramuscular, subcutaneous, and intraperitoneal 
injection. The subject sterile aqueous media employed are obtainable by standard 
techniques well known to those skilled in the art. 

For use in one or more of the instant methods, it may prove desirable to 
stabilize a compound according to FORMULA I, e.g. to increase shelf life and/or 
pharmacokinetic half-life. Shelf-life stability may be improved by adding excipients 
such as: a) hydrophobic agents (e.g., glycerol); b) non-linked sugars (e.g., sucrose, 
mannose, sorbitol, rhamnose, xylose); c) non-linked complex carbohydrates (e.g., 
lactose); and/or d) bacteriostatic agents. For use in the instant methods, 
pharmacokinetic half-lives may vary depending upon the saccharide moiety selected, 
e.g., whether a sugar or a digestible oligosaccharide, or the nature of the sugar R- 
group constituents. For use in the instant methods, pharmacokinetic half-life and 
pharmacodynamics may also be modified e.g. by: a) encapsulation; b) controlling the 
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degree of hydration; and, c) controlling the electrostatic charge and hydrophobicity of 
the sugar constituents. 

For use according to the instant methods, pharmaceutically acceptable salts 
can be prepared from the instant compounds by conventional methods. Thus, such 
5 salts may, for example, be prepared by treating a compound according to 
FORMULA I with an aqueous solution of the desired pharmaceutically acceptable 
metallic hydroxide or other metallic base and evaporating the resulting solution to 
dryness, preferably under reduced pressure in a nitrogen atmosphere. Alternatively, a 
solution of the subject compound may be mixed with an alkoxide to the desired 

10 metal, and the solution subsequently evaporated to dryness. The pharmaceutically 
acceptable hydroxides, bases, and alkoxides include those with cations for this 
purpose, including (but not limited to), potassium, sodium, ammonium, calcium,, and 
magnesium. Other representative pharmaceutically acceptable salts include 
hydrochloride, hydrobromide, sulfate, bisulfate, acetate, oxalate, valarate, oleate, 

15 laurate, borate, benzoate, lactate, phosphate, tosulate, citrate, maleate, furmarate, 
succinate, tartrate, and the like. 

For use in the instant methods, freely-soluble salts of a compound according 
to FORMULA I may be converted to a salt of a lower solubility in a body fluid, e.g. 
by modification with a slightly water-soluble pharmaceutically acceptable salt such as 

20 tannic or palmoic acid, or by inclusion in a time-release formulation such as 
covalently coupled to a larger carrier, or in timed-release capsules and the like. In 
general, the acid addition salts of the subject compounds with pharmaceutically 
acceptable acids will be biologically equivalent to the compounds themselves. 
Pharmaceutically acceptable salts can be prepared from the compounds by 

25 conventional methods. Thus, such salts are, for example, prepared by treating with 
an aqueous solution of the desired pharmaceutically acceptable metallic hydroxide or 
other metallic base and evaporating the resulting solution to dryness, preferably under 
reduced pressure in a nitrogen atmosphere. Alternatively, a solution of a compound 
is mixed with an alkoxide to the desired metal, and the solution subsequently 

30 evaporated to dryness. The pharmaceutically acceptable hydroxides, bases, and 
alkoxides include those with cations for this purpose, including (but not limited to), 
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potassium, sodium, ammonium, calcium, and magnesium. Other representative 
pharmaceutically acceptable salts include hydrochloride, hydrobromide, sulfate, 
bisulfate, acetate, oxalate, valarate, oleate, laurate, borate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, furmarate, succinate, tartrate, and the like. 
5 The preferred pharmaceutical compositions for inocula and dosage for use in 

the instant methods will vary with the clinical indication. The inocula may typically 
be prepared from a dried compound by suspending the compound in a physiologically 
acceptable diluent such as water, saline, or phosphate-buffered saline. Some 
variation in dosage will necessarily occur depending upon the condition of the patient 

10 being treated, and the physician will, in any event, determine the appropriate dose for 
the individual patient. The effective amount of the instant compound per unit dose 
depends, among other things, on the body weight, physiology, and chosen inoculation 
regimen. A unit dose of a compound according to FORMULA I refers to the weight 
of the subject compound without the weight of carrier (when carrier is used). 

15 Generally, the amount of active ingredient administered to a subject in need thereof 
according to the practice of the invention will be in the range of about 1 mg/day to 
about 2.5 gm/day. Single unit dosage forms and multi-use dosage forms are 
considered within the scope of the invention, as disclosed further below. 

Pharmaceutically acceptable carriers may be formed, filled and sealed for ease 

20 of use according to the methods of the invention. Representative forming, filling and 
sealing methods are known in the pharmaceutical arts. For instant, the subject 
compositions may be formulated with pharmaceutically acceptable carriers into 
pharmaceutical preparations suitable for inclusion in timed-release capsules, tablets, 
lozenges, syrups and the like. 

25 For treatments of local peripheral neurologic dysfunctions, the subject 

compounds may be provided in an emollient cream. Representative examples of 
emollient pharmaceutically acceptable carriers include oil-in-water and water-in-oil 
emulsions, i.e., as are known to those skilled in the pharmaceutical arts. 

Pharmaceutically acceptable salts may be prepared from the subject 

30 compounds by conventional methods. For example, such salts may be prepared by 
treating one or more of the subject compounds with an aqueous solution of the 
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desired pharmaceutically acceptable metallic hydroxide or other metallic base and 
evaporating the resulting solution to dryness, preferably under reduced pressure in a 
nitrogen atmosphere. Alternatively, a solution of the subject compound may be 
mixed w^ith an alkoxide to the desired metal, and the solution subsequently 
5 evaporated to dryness. The pharmaceutically acceptable hydroxides, bases, and 
alkoxides include those with cations for this purpose, including (but not limited to), 
potassium, sodium, ammonium, calcium, and magnesium. Other representative 
pharmaceutically acceptable salts include hydrochloride, hydrobromide, sulfate, 
bisulfate, acetate, oxalate, valarate, oleate, laurate, borate, benzoate, lactate, 

10 phosphate, tosulate, citrate, maleate, furmarate, succinate, tartrate, and the like. 

In alternative embodiments, the invention provides different routes for 
delivery of compounds according to FORMULA I as may be suitable for use in the 
different disease states and sites where treatment is required. For topical, intrathecal, 
intramuscular or intra-rectal application it may prove desirable to apply the subject 

15 compounds as a salve, ointment or emollient pharmaceutical composition at the local 
site, or to place an impregnated bandage or a dermal timed-release lipid-soluble 
patch. For intra-rectal application it may prove desirable to apply the subject 
compounds e.g. in a suppository. In other embodiments, it may prove desirable to 
administer the subject compositions by intranasal or intrabronchial instillation (e.g., 

20 as pharmaceutical compositions suitable for use in a nebulizer), or by gastrointestinal 
delivery (e.g., with a capsule, tablet, trouch or suppository). Also contemplated are 
suppositories for urethral and vaginal use. In one preferred embodiment, the subject 
pharmaceutical compositions are administered via suppository taking advantage of 
saccharide transporters in the rectum for transport into the blood stream in a timed- 

25 release type manner e.g. providing possible metabolic replacement therapy in a 
patient with a Parkinson's or related disease. 

Embodiments of the invention provide treatments for diseases including e.g., 
central and peripheral nervous system dysfunctions, neuromotor dysfunction, 
hypertension, hypotension and cardiovascular diseases. In other embodiments, 

30 treatments may be administered purposefully to agonize, partially agonize or 
antagonize a dopamine receptor in a peripheral tissue containing nervous enervation, 
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e.g., in an organ or a vascularized endocrine tissue. For example, embodiments of 
the invention may provide treatments ameliorating certain symptoms of Parkinson's, 
tardive dyskinesia, hypertension, congestive heart disease, hyperprolactinemia, 
epilepsy, Alzheimer's disease and the like. 
5 In yet other embodiments, the invention provides therapeutic methods in 

which a relatively high concentration of active ingredients (e.g., up to 500 mg/ml) is 
included in a relatively small volume (e.g., up to about 500 mg/ml) taking advantage 
of the special aqueous solubility of the prodrug compounds according to 
FORMULA 1. In certain embodiments, the invention provides improved treatment 

10 methods using relatively high concentrations of the subject drugs in multi-dose, time- 
release, subcutaneous and intradermal, buccal, trouch, and suppository preparations. 
In other embodiments, the instant treatment methods may also be especially useful 
for achieving steady state plasma levels in subjects in need thereof. Where 
conventional methods of administration may be ineffective in certain patients, the 

15 instant methods, i.e., employing high solubility compounds according to 
FORMULA I, make it feasible to administer metabolic replacement therapy in a 
multi-dosage form, e.g. via an implantable mini-pump (such as used for delivery of 
insulin in patients with Type 1 insulin-dependent diabetes mellitus). 

Embodiments of the invention provide methods for improving the aqueous 

20 solubility of poorly soluble pharmaceutical agents and resultant compositions with 
improved aqueous solubility. The instant compositions have improved 
bioavailability providing a pharmacologically effective therapeutic unit dosage at a 
lower level of administered drug compound. The instant methods thus provide novel 
formulations and resultant pharmaceutical compositions wherein lower 

25 concentrations of pharmaceutical agents provides cost-savings, and at the same time, 
improvements in efficacy. Bioavailability, in this context, is intended to mean 
improved pharmacokinetic rates of delivery occassioned e.g., by more effective 
transport from the gastrointestinal system into blood, or by greater solubility in bodily 
fluids, as well as, improved stability of drug levels in bodily fluids. In addition to 

30 delivery rate improvements, the instant methods provide novel pharmaceutical 
compositions not previously possible with poorly soluble pharmaceutical agents. In a 



-47- 



first representative example, new activities and new uses may be provided for 
antidiarrheal agents because of improved aqueous solubility, e.g. uses of Imodium® 
(loperamide) in controlling systemic electrolyte balance and/or vascular smooth 
muscle tone. In a second representative example, novel pharmaceutical compositions 
5 are provided, e.g., petroleum based delivery formulations for Acyclovir®. In a third 
representative example, novel therapeutic methods are provided, e.g., uses of 
Acyclovir® in petroleum based formulations for prophylactic topical treatments of 
oral and genital Herpes infections. 

Embodiments of the invention provide treatments for neurologic 

10 dysfunctions. According to the instant methods, a purpose of therapy in an acute 
setting may be to rapidly increase the concentration of one or more of the instant 
composition in a tissue, e.g., by a bolus intravenous injection. Alternatively, in other 
cases it may desirable to deliver the composition over a longer period of time, e.g., by 
infusion. The route of delivery according to the instant methods is determined by the 

15 disease and the site where treatment is required. For topical application, it may prove 
desirable to apply the compositions at the local site (e.g., by placing a needle into the 
tissue at that site) or by placing a timed-release dermal patch); while in a more acute 
disease clinical setting it may prove desirable to administer the compositions 
systemically. For other indications the instant compounds may be delivered by 

20 intravenous, intraperitoneal, intramuscular, subcutaneous and intradermal injection, 
as well as, by intranasal and intrabronchial instillation (e.g., with a nebulizer), 
transdermal delivery (e.g., with a lipid-soluble carrier in a skin patch), or 
gastrointestinal delivery (e.g., with a capsule or tablet). The preferred therapeutic 
compositions for inocula and dosage will vary with the clinical indication. The 

25 inocula may typically prepared from a dried compound, e.g. by suspending the 
compound in a physiologically acceptable diluent such as water, saline, or phosphate- 
buffered saline. Some variation in dosage will necessarily occur depending upon the 
condition of the patient being treated, and the physician will, in any event, determine 
the appropriate dose for the individual patient. Since the pharmacokinetics and 

30 pharmacodynamics of the instant compounds will vary somewhat in different 
patients, the most preferred method for achieving a therapeutic concentration in a 
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tissue is to gradually escalate the dosage and monitor the clinical effects. The initial 
dose, for such an escalating dosage regimen of therapy, will depend upon the route of 
administration. 

In other embodiments, the invention provides methods prophylactic and 
5 therapeutic uses in treatment of neuropathophysiologic conditions in man and 
domestic animals, i.e. involving the step of administering to a subject in need thereof 
a compound according to FORMULA I, supra. In certain alternative embodiments, 
the method may involve administration of an intravenous bolus injection or 
perfusion, or may involve administration during (or after) surgery, or a prophylactic 

10 administration. In certain other embodiments, the instant administration may involve 
a combination therapy, e.g., a compound according to FORMULA I and a second 
drug, e.g., an anti-coagulant, anti-infective or anti -hypertensive agent. 

The route of delivery of the subject preparations, according to the instant 
methods, determined by the particular disease. For topical application it may be 

15 useful to apply the instant compounds at the local site (e.g., by injection, while for 
other indications the preparations may be delivered by intravenous, intraperitoneal, 
intramuscular, subcutaneous, intranasal, and intradermal injection, as well as, by 
transdermal delivery (e.g., with a lipid-soluble carrier in a skin patch placed on the 
skin), or even by oral and/or gastrointestinal delivery (e.g., with a capsule, tablet or 

20 suppository). 

In certain preferred embodiments, the invention provides methods for 
administering to a subject in need thereof one or more dopaminergic agents according 
to FORMULA I in combination with an agent capable of stimulating intestinal or 
neural glucose transporter activity, e.g., IGF-1, glucagon, vascular infusions of 

25 glucose and the like. The instant combination treatments may be effected by the 
same route, (e.g., both administered orally), or alternatively, by different routes. 
Instruction is provided that intestinal glucose saccharide co-transporters exhibit 
circadian periodicity and expression is inducible by dietary carbohydrate (e.g., see 
Rhoads et al., 1998), and negatively regulated by leptin (e.g., see Lostao et al. 1998). 

30 Thus, in certain embodiments, treatment regimens for oral administration may 
include instructions to take one or more of the subject compounds orally with a 
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feeding that includes dietary carbohydrate, and preferably, in the morning within 
about 5 to about 20 minutes after the first meal, and in the evening before, during or 
within about 5 to about 20 minutes after an evening meal. Instruction is also 
provided that during the instant treatment the following are to be avoided because 
5 they may alter saccharide transporter activity: namely, (i) high cholesterol diet; (ii) 
co-administration with oral calcium channel blockers (e.g., see Hyson et al. 
1996,1997); (iii) erythromycin (Navarro et al., 1993); and, (iv) barbiturates (Haspel et 
al., 1999). 

Methods for determining that a test compound according to FORMULA I, 

10 i.e., with a drug selected from TABLE A or TABLE B, is suitable for use in one or 
more of the instant methods, (i.e., for treating neurologic dysfunction or for use as a 
CNS-acting drug), are known to those skilled in the art of neuropsychopharmacology. 
For instance, the test compound may be evaluated in behavioral tests in experimental 
animals; e.g., to determine whether it exhibits Pergolide-like dopaminergic activity. 

15 For example, oral dosing of mice with test compound at doses of about 0.3-300 
mg/kg; monitoring for lowering of body temperature induced by reserpine, or 
monitoring for increased hexobarbital-induced sleep time, or for slowed respiration, 
or hyporeactiveness, ptosis or placing loss. Pergolide, used as a positive control, 
should reverse reserpine-induced hypothermia with no effect on reflex reactions, i.e., 

20 as evaluated by electroshock-, pentylenetretrazol (pentetrazol)- or strychnine-induced 
seizures. Preferably, the subject compounds when administered according to the 
methods of the invention are without effect on reflex reactions. Test dopaminergic 
compounds according to FORMULA I, (and Pergolide control), should not effect 
oxotremorine-induced tremors or salivation, grip strength or tail-flick reactions; and, 

25 should not alter shuttle-avoidance behavior in rats at an oral dosage of about 0.1- 
30mg/kg. 

Stimulation induced release: Dopamine-like agonist CNS-acting drug activity 
of a test compound may be studied in vitro by loading rat spleen strips with a ^H- 
radiolabeled test compound according to FORMULA I, then exposing the strips to 
30 supramaximal electrical field stimulation, and monitoring release, e.g., using methods 
such as those disclosed by Bencsics et al. (1997). 
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Locomotor activity in murine test models: Sedatives and tranquilizers 
decrease general locomotor activity while stimulants increase general locomotor 
activity. The CNS-acting effects of a test compound may be evaluated in an 
experimental animal model using veirious routes of administration, e.g., 
5 intraperitoneal, subcutaneous, intramuscular, intradermal and/or intravenous 
injections. Effects of test compounds and preparations on the general motor activity 
of mice may be determined, e.g., during a 60-min period using a Stoelting electronic 
activity monitor. Dose-response curves may be obtained from which a half- 
maximally effective value may be calculated. Additional models of assessing 
10 possible CNS-acting drug effects of a test compound include, e.g. MPTP-lesioned 
primates and rats and vacuous chewing and grooming behaviors in 6- 
£2 hydroxydopamine lesioned rats. 

Anticonvulsant Activity in Mice: Anticonvulsant activity of a putative CNS- 
4- acting test compound may be measured e.g. in an experimental animal model where 

yi 15 prophylactic prevention (e.g., administered 24 hrs. before induction of convulsions) 

f"!; or therapeutic delay in the onset of (e.g. bicuculline-induced epileptic seizures) is 

'^^ evaluated, e.g. in mice. 

j: Analgesic Activity Tests: That a test compound is a CNS-acting drug with 

analgesic activity similar to a dopaminergic agonists may be assessed using an 
G 20 experimental animal model known to those of skill in the art to be useful for 

assessing analgesia, e.g., formalin-, hotplate- or carbon-tetrachlori de-induced 
analgesic models. Analgesic activity in a formalin model may e.g., be determined 
according to methods such as those disclosed by Morgan et al., 1991. 

Memory Tests: That a test compound is a CNS-acting drug having an effect 
25 on memory potentiation or impairment may be evaluated, e.g., in an experimental 
animal model involving pre-treatment with the test compound and use of a one trial 
inhibitory avoidance test, e.g. in mice with and without foot shock to test for memory 
consolidation in the presence and absence of the treatments with the test compound. 

Dopamine Transporter (DATl): That a test compound according to the 
30 invention is transportable by DAT may be determined using methods known to those 
of ordinary skill in the art. The mouse, rat and human DATl genes are cloned (Wu et 
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al., 1999; Shimada et al., 1991; Kilty et al., 1991; Giros et ah, 1991; Vandenbergh, et 
aL, 1992), sequences are reported (e.g., see U.S. Patent Serial No. 5,756,307) and 
homozygous and knock-out mice (e.g., see Jaber et al., 1999; reviewed in 
Gainetdinov et al., 1999) and cell lines (e.g. 1RB3AN27 dopamine neurons, see 
5 Clarkson et al., 1999; HEK 293 stably transfected cells, see Storch et al.; PC 12 stably 
transfected cells, see Melikian et al., 1999; in MDCK stably transfected cells, see Wu 
et al,, 1999) have been prepared. Other in vitro assays for assessing DAT 
transportability of a test compound include ligand-binding studies conducted e.g., 
with rat brain slices or rat caudate putamen membrane preparations. 
10 MPTP-Treated Mice: Progressive decreased expression of dopamine 

receptors and dopamine transporters accompanies treatments of mice with MPTP (1- 
a methyl-4-phenyl-l,2,3,6-tetrahydropyridine; e.g. see Kilboum et al., 2000), i.e., a 

all 

similar pattern of changes to those observed in early onset Parkinson's disease by 
4=-; imaging (e.g., see Verhoeff, 1999). While certain of the neurophysiologic attributes 

y j 15 of MPTP-treated mice may not mirror Parkinsonism, this animal model is widely 

'[2 used to evaluate the potential effects of test compounds in treatments for Parkinson's 

disease. 

r^;" Additional disclosure of the N-linked glycosyl prodrug pharmaceutical 
flJ compositions is contained within Applicant's copending U.S. Patent Application 
20 Serial No. , incorporated herein by reference in its entirety. 

EXAMPLE 1 

Preparation of Dopamine Gluconamide and Dopamine Gluconamine 

Representative compounds for use according to the instant methods were 
25 synthesized as disclosed in co-pending U.S. Patent Application Serial No. 

, incorporated herein by reference in its entirety. Briefly, 

gluconolactone and 3-hydroxytryamine were reacted slowly in methanol to form a 
white solid dopamine gluconamide precipitant. The product was collected by 
filtration, washing and drying in vacuo (i.e., dopamine gluconamide. Compound #1, 
30 below). 



-52- 



Synthesis of dopamine gluconamine from the dopamine gluconamide 
Compound #1 involved first protecting the dopamine aromatic hydroxyl groups by 
addition of acetone, stirring, refluxing and cooling to form the 
isopropylidine-protected product as a white solid. The solid was removed by 
5 filtration and dried in vacuo. Second, the dopamine gluconamide carbonyl group was 
reduced by addition of Borane in THF, and after refluxing, cooling, and solvent 
removal by rotary evaporation methanolic HCl was added and the solution was again 
refluxed. Solvent was removed by evaporation and the solid dopamine gluconamine 
product was recrystalized using a mixture of acetonitrile and ethanol. The 

10 recrystalized reduced dopamine gluconamine product (i.e., referred to below as 
Compound #2) was dried in vacuo. 

By way of non-limiting illustration, using Applicant's methods amide and 
amine products were prepared e.g., for at least the following pharmaceutical agents: 
namely, dopamine ribonamine and ribonamide; p-aminobenzoic acid gluconamine 

15 and gluconamide; p-aminosalicyclic acid gluconamine and gluconamide; acyclovir 
gluconamine and gluconamide; tryptamine gluconamine and gluconamide; 
sulfamethoxazol gluconamine and gluconamide; sulfasalazine gluconamine and 
gluconamide; phenethylamine gluconamine and gluconamide; and, benzocaine 
gluconamine and gluconamide. 

20 

EXAMPLE 2 

Ready Solution For Administration as a Measured Dose 
Ready solutions for administration as a measured dose were prepared 

according to TABLE A, below. 

25 TABLE A 



Component 


Amount 


Compound #1 or #2 


2.5 gm 


Methyl-p-aminobenzoic acid 


0.014 gm 


Propyl-p-aminobenzoic acid 


0.020 gm 


Saccharin sodium 


0.050 gm 


Flavoring agent 


0.001 gm 


Citric acid 


0.200 gm 


Sodium citrate 


0.320 gm 


Distilled water USP q.s. to 


100ml 




EXAMPLE 3 
Powder Composition for Reconstitution Prior to Use 

Powder composition suitable for reconstitution before use were prepared 
according to TABLE B. 
5 TABLE B 



Component 


Amount 


Compound #1 or #2 


2.5 mg 


Sodium citrate 


20.0 mg 


Sorbitol 


2.0 mg 


Flavoring agent 


0.1 mg 


Distilled water USP for 
reconstitution 


10.0 ml 



EXAMPLE 4 
Tablets for Oral Administration 

10 Tablets for oral administration were prepared according to TABLE C. 

TABLE C 



Component 


Amount 


Compound #1 or #2 


250 mg 


Starch 


17 mg 


Sodium glycolate (starch) 


40 mg 


Polyvinal pyrrolidene 


7.0mg 


Microcrystalline cellulose 


45 mg 


Magnesium sterate 


2.0 mg 



EXAMPLE 5 
Tablets for Sublingual Administration 



15 Tablets for sublingual administration were prepared according to TABLE D. 



TABLED 



Component 


Amount 


Compound #1 or #2 


250 mg 


Gum arabic 


10 mg 


Lactose 


90 mg 


Ammonium glycyrrhiznate 


20 mg 


Sodium saccharin 


2mg 


Flavor 


10 mg 


Magnesium sterate 


7 mg 



EXAMPLE 6 
Dopamine Receptor Binding 
20 To illustrate biological activity, i.e., dopaminergic activity, and putative 

pharmaceutical utility, dopamine receptor binding activity of Compounds #1 and #2 

(supra) was tested in vitro using COS-7 cells transiently transfected with pCD-PS 
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expression vectors containing human Dl, human D5 and human D2 (long) inserts, 
i.e., according to Materials and Methods disclosed further below. Binding to 
dopaminergic receptors was tested as ability to compete binding of specific receptor 
ligands (i.e., [^H]-SCH-23390 for Dl; [^H]-emonapride for D2), as well as, the ability 
5 to trigger intra-cellular second messengers, i.e., cAMP. 

Competition binding assays were initiated in duplicate with 0.5ml aliquots of 
membrane preparations from cell cultures transfected with cDNA encoding human 
Dl- or D2-receptors. Test compounds (Compounds #1 or #2, supra) were added as 
competitors to achieve a final concentration in the assay in the range of lO '^M to 10" 

10 *^M. As binding ligand, 400 pM of [^H]-SCH-23390 (a Dl-selective agonist) or 
150 pM of ["^Hl-Emonapride (a D2-selective agonist) were added to each assay. 
After 90 minutes incubation at room temperature the assay was terminated by rapid 
filtration and membrane bound [^H] was determined by scintillation spectrometry. 

Test Compounds #1 and #2 successfully competed [^H]-SCH-23390 binding 

15 to dopamine receptors in cells transiently expressing both the Dl- and D5-receptors, 
i.e., in a dose-response and uniphasic type manner with Ki values expectedly 
somewhat less than those recorded in parallel with natural dopamine as the control 
compound. Under these particular conditions of assay, the illustrative test 
Compounds #1 and #2 showed selectivity for D5- over Dl-receptors, i.e., a property 

20 held in common with natural dopamine agonist. Under conditions of this particular 
assay, test Compounds #1 and #2 did not compete with binding of [^H]-Emonapride 
at D2-receptors. Alternative assays for assessing D2-receptor functional activity of 
test compounds include inhibition of agonist-induced cAMP accumulation. 

Agonist functional activity assays were conducted by evaluating ability of test 

25 compound to trigger production of second messengers in dopamine Dl- or 
D5-receptor transfected COS-7 cells, i.e., cAMP. Incubation with test compound (or 
dopamine as a positive control) were conducted at 37'^C (5% CO2) for 15 min. and 
cAMP accumulation was determined by radioimmunoassay. For comparison, 
dopamine as a positive control stimulated accumulation of cAMP by about 5-fold in 

30 Dl -transfected cells and about 3-fold in D5-transfectants. In both Dl- and D5- 
transfectants, Compound #2 stimulated cAMP accumulation in a dose-response 
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manner to levels near those achieved in dopamine control cultures. Co-incubation of 

dopamine with Compound #2 did not reduce the levels of cAMP accumulation 

recorded, suggesting strongly that the compounds produced according to the instant 

methods act as agonists, not antagonists. 

5 In summary, test Compounds #1 and #2, prepared according to the methods of 

the invention, exhibited relatively high affinity and agonist activity for human D5- 

and D-1 dopaminergic receptors. The test compounds are thus illustrative of 

transportable prodrug compounds that retain receptor ligand binding- and 

functional-activity. 

10 EXAMPLE? 

Dopamine Transporter Binding Activity 

To further illustrate biological activity, i.e., transportability within the brain. 
Compounds #1 and #2 (supra) dopamine transporter (DAT) binding activity of 
Compounds #1 and #2 was evaluated by measuring their ability to compete uptake of 

15 ^H-labeled dopamine by human DAT-transfected HEK 293 cells over the course of a 
5 hour incubation period. To obtain differing levels of DAT expression, HEK 293 
cells were transiently transfected ) using calcium phosphate-mediated transfection 
(Maniatis et al., 1982) with 2, 5, 10, 20, 40 and 50|ag pcDNA 1.1.1 containing human 
dopamine transporter cDNA insert (hDAT), or alternatively, control irrelevant cDNA 

20 insert (Negative Control, NC. After 48-72 hrs. culture, dopamine transport was 
measured in the transiently transfected hDAT-cells by incubation for 5 hrs. in the 
presence of ^H-labeled dopamine (Positive Control, PC). In assays designed to test 
Compound #2, 2|ag of Compound #2 (Exptl) was added to the incubation medium. 
Percentage competition of dopamine uptake was calculated as follows: namely, 

25 Percentage competition = (PC-NC)-(Exptl.-NC)/(PC-NC) x 100%. At 2|ag 
Compound #2 effectively competed ^H-dopamine uptake in cultures as follows: 
namely, at 5|ig and 10|ig hDAT cDNA, 84% competition; 20|Lig hDAT cDNA, 68% 
competition; 40|ag hDAT cDNA, 48% competition; and, at 50fig hDAT cDNA 68% 
competition. Having established Compound #2 to be capable of effectively 

30 competing with dopamine for transport by hDAT in cell cultures putatively 
expressing different levels of hDAT, experiments were next conducted to determine 
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whether the competing activity exhibited dose-response characteristics. For these 
studies, HEK 293 cells were transfected with pcDNAl.Ll-hDAT (or control) cDNA 
at 40|ag and dopamine transport activity was assessed after 1 hr. or 5 hrs. of culture. 
Addition of Compound #1 or #2 at 2 jig or 5 |ig competed with ^H-dopamine 
5 transport in the hDAT-transfected cells in a dose-response manner as follows: 
namely, at 1 hr. 2|ig or 5fig Compound #1 gave 39% and 66% competition, 
respectively; and at 5 hrs. 2|i,g or 5|j,g of Compound #1 gave 16% and 66% 
competition, respectively. 

To effect higher level cellular expression of dopamine transporter, liposome- 

10 mediated co-transfection methods (i.e., "InsectSelect™ Glow Kit", "Insectin®" and 
"InsectSelect™", Invitrogen Inc., Carlsbad, CA.) are useful e.g., to co-transfect cells 
(e.g., Sf9 insect cells) with both a human dopamine transporter cDNA (cDAT) 
expression vector and an expression vector encoding a green fluorescent protein 
(GFP) reporter and a selectable marker, e.g., a Zeocin™ (Zeo) resistance gene (e.g., 

15 pIZTA^5-His; GFP-Zeo). For example, methods such as those provided as the 
manufacturer's product recommendations (Invitrogen, supra). Transfected selected 
Zeo-resistant cells are selected for high level constitutive expression GFP and 
concomitant high level DAT expression. 

Illustrative Materials and Methods 

20 Cell Culture and Dopamine Receptor Expression : COS-7 cells were cultured 

at 37°C in Dulbecco's modified Eagles medium (D-MEM) containing 10% fetal 
bovine serum. Human Dl, human D5 and human D2 (long form) were subcloned in 
pCD-PS for use in the transient expression studies. COS-7 cells were transfected 
with either CsCl purified plasmid DNA, or Bio- 101 "monster" plasmid purified by 

25 electroporation. For receptor binding studies transfected cells were cultured in 150- 
mm plates and for cAMP studies the transfected cells were cultured in 24 well plates. 

Dopamine Receptor Binding Assavs : [^H]-SCH-23390 (New England 
Nuclear, NEN, 81.4-86.5 Ci/mmol; 1 Ci=37 GBq) and [^H]-Emonapride (NEN, 68.2 
Ci/mmol) were purchased. For use in binding assays membranes were prepared from 

30 72 hr. cultures of transfected cells expressing Dl or D2, i.e., in buffer (50 mM Tris- 
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HCl, pH 7.4, 5mM EDTA, 1.5 mM CaCh, 5mM KCl, 5mM MgCb, 120mM NaCl) 
by sonication (Polytron, 6/30sec.), centrifugation (18,000 rpm/1 5 min.) and 
resuspension to a final protein concentration of 120-150 )ag/ml (Bradford protein 
assay; Biorad Laboratories, Inc., Oakland, CA). Non-specific binding was 
5 determined in the presence of lOjoM (+)-butaclamol. Data were analyzed by the 
nonlinear least-squares fitting program KALEIDAGRAPH (Abelbeck Software, 
Reading, PA). 

Agonist Second Messenger Assays: COS-7 cells transiently transfected with 
cDNA encoding human Dl- or D5-receptors were cultured for 48-72 hours in 6 or 24 
10 well culture dishes in D-MEM containing 0.5mM 3-isobutylmethylxanthine and l|iM 
propranolol. cAMP content was measured by radioimmunoassay according to the 
manufacturer's instructions (Amersham). 
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While the preferred embodiment of the invention has been illustrated and 
35 described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the invention. 



